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I. 0 INTRODUCTION

I.I Background

Logic emulation is a useful tool in assessing the reliability of Fault
Tolerant Computer Systems. However, using current software emulators, the
host computer requires an execution time that is ten thousand or more times
that of the emulated processor. For a computer system like SIFT, the
resources required to do fault injection experiments in software may be
prohibitive in some testing applications. Injecting faults in the SIFT
hardware is one way to circumvent the problem; however, without special
hardware, faults can only be injected at the chip level, and not at the
gate level.

NASA-LangleyResearch Center is developing and studying a system for
emulating and analyzing Fault Tolerant ComputerSystems, using a QM-I
Emulator. The QM-I is a high-speed, general-purpose digital computer
that operates with two levels of microprogram control. The second level
of microprogram control is normally used for emulating another computer's
instruction set in a very efficient manner. The proposed system will use
this second level microprogram as a general purpose logic emulator, with
a description of the emulated processor residing in the first level micro-,
program storage. This arrangement whould result in an efficient vehicle
for studying faults injected into computer systems at the gate level.

I. 2 Objecti ves

A gate-level description of SIFT is required to be resident in the
microprogram storage of the QM-I. The emulation includes a syntax for
describing the SIFT system and a translator for constructing the micro-
program storage from the syntax description.

The development of the emulation system is proceeding in stages, and
a description of the full SIFT computer is not immediately needed. This
study represents the first step, and is a description of the BDX-930
Processor in the emulation system syntax.



2.0 BDX-930ARCHITECTURE

The Box-g30 Digltal Processor is a mlcroprogrammed, pipelined machine de-

signed around the AMD2gOIA four bit microprocessor slice. The machine contains

sixteen general purpose registers of which four registers may be loaded direct-

ly from memory and two registers may be used as base registers. One register is

used as a stack pointer.

The program counter and memory address register are contained in the 9407,

a chip designed to perform memory address arithmetic. Along with a temporary

register contained on the same chip, the BDX-930 is able to perform four basic

addressing modes involving three registers and various instruction fields.

The machine contains three memory interface data registers which are used

to input and output memory data. There are also a number of one bit status flag

registers that can be manipulated under program control. This includes the Fl

and F2 registers, which are hardware flags, and the interrupt enable, overflow

status registers. There also exist the indirect and link registers used by the

microcode for branching.

The microcode is contained In seven proms and a pipeline register is in-

cluded for simultaneous microcode fetch and decoding. Various internal and

external conditions can affect microcode branching as selected by the microcode

itself and a microcode control prom. In addition to a rich instruction set which

includes 16 and 32 bit fixed point operations, there is a test set interface in

the microcode. A selectable saturate mode is available which limits the resUlts

of arithmetic operations when overflow or underflow occur.

Instruction execution is accomplished by a ptpeltned architecture; various

stages of execution occur simultaneously for a sequence of instructions.
Consider, for instance, four instructions, A,B,C,D, to be executed in sequence.

During the same clock cycle it is possible for the program counter to be incre-
mented to point to instruction D, while instruction C is being fetched, instruc-

tion B is being decoded and instruction A is being executed.

With this level of parellelism, it will be noted that when the execution

phase of an instruction is one clock cycle, the average time to perform the en-.
tire instruction will be one clnck cycle. This relation can better be under-

stood by referring to Figure I.

It should also be noted that the BDX-930 is roughly partitioned into

the four stages of the pipe: address, fetch, decode, and execute.



Partition ] - Address Processor

• 4 - 9407 Memory Address Processor Equivalent Circutt

• Selector Chips to Multiplex Memory Address Source

• 4- 54LS352 4:1

• 2- 54LS158 2:1

Partition 2 - Data and Status Registers

• 2 - 54LS374 Memory Input Buffer Register

• 2 - 54L5374 Memory Output Buffer Register

• 2 - 54L5374 Next Instruction Register

e 3 - 54LS113 Single Btt Registers for

• overflow

• indirect addressing

• link (bit carry for divide)

• interrupt mode

• F1 and F2

• 2 - 54LS153 Select Overflow, Link, and Indirect Bit Sources.
• Z - 54L5245 octal "bus transceivers
Partition 3 - Microcontrol let

• Pipeline Regtster

• 4 - 54LS273 octal latch

• 4 - 54LS175 quad latch

• 1 - 54LS374 octal latch with tri-state

• 1 .- 54LS273 External Signal Synchronizer

• 3 - 54LS151 Selectors8:1 for. Branch Conditions

• 1 - 54LS169 Counter for Shift and Multiply Instructions

• 1 - 54LS16g Counter, for Multiple Register Load-Store Instructions

• 1 - 54LS377 Instruction Register

• 1 - 54L5253 Microcode Branch Selector

Partition 4 - Execute

• 4 - AHDZgO1A 4 Bit Slice ALU

• 1 - AMDZgO2 Lookahead Carry

• 2 - 54LS153 Selector 4:1 Register Selectors

• 1 - 54L5253 Selector 4:1 Shift Bit Selector
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These-stagesof the pipe are Joined by various buses throughout the CPU. These
buses are formed from tri-state logic and some are bidirectional. An enumera-
tion of the major buses includes

• Y - Connects the output of the ALU (AMD290IA) to the address processor

and the output register. In addition, it connects the output of the next
instruction buffer to the start address register and instruction register.

• D - Connects the memory data register and the program counter to the in-

put of the ALU.

• DAT - Bidirectional bus connecting memory and I/O to the memory data

register and output register.

• M - Bidirectional memory data bus

• MAR - Memory Address Bus

• U - Microcode Bus

• IR - Instruction Register

A llst of the devices used in the BDX-g30 and their failure rates is given

in Figure 2. The data was obtained from MIL-HDBKI27B, Notice 2.

lO



COMPONENTS OF THE BOX930 CPU

DEVICE

9407
2901A
2902
5440
54125

FAILURE RATE/PER
UNIT

(_PPMH)
] .393]
2.1556
0.3898
0.0653
O.0855

54500
545O4

54S10
54S20
54S32

545288 (32x8 prom)
545472 (512x8 proms)
54L500
54LS02
54LS04
54LS08
54LSll

54LS86
54LSl!3
54LS151
54LS153
54LS158
.54LS169
54LS175
54LS245
54LS253

54LS273

54LS352
54LS367
54LS374
54LS377

0.0855
0.1003

O. 0764
O. 0654
O. 2138

0.1787
1.008
0.084
0.084 "
0.0983

0.0752
0.084
0.084
0.1447
0.1483
0.1447
0.1410
0.6603
0.1703
0.3792
0.1447
0.1636
0.6882
0.2681
0.3117
0.1100
0.7234
0.7148

FIGURE 2

II



3.0 PROCESSORBOUNDARIES

This description of the BDX-930Processor includes only the components
of the CPU(Central ProcessorUnit). This includes the arithmetic pro-
cessing unit, the program control unit and the computer control unit.
These areas of the processor, shownin Figure 3, are contained on the
CPUand timing/control cards.

Main memory, I/O interface, DMAand data buffering for the main
memoryand I/O were not simulated. Neither were the interrupt priority
logic and the master clock.

In all, logic, equivalent to approximately 5100 gates, was described.
These boundaries are equivalent to Bendix's existing gate-level emulation
as described in (Ref. l). Schematic diagrams of the SIFT processor,
showing the CPUcard, described in its entirety, and the portion of the
timing and control card included in this description, are given in
Figures 4 and 5.

12



COMPUTER CONTROL UNIT ARITHMETIC PROCESSINGUNIT (APU)

INSTRUCTOR
IREGISTER

SEQUENCER

REGISTER:

MEM
CONTROL

STATUS
FLAGS

MEM + I/0 •
CONTROL

C00ES

MAIN
MEMORY

ir
' II, j

PROGRAM
CONTROL

UNIT
(Pcu)

REGISTER: CPU

DIRECT i

MEMORY (DMA)
ACCESS

$
I10 MEM
CONTROL

IIO
DEVICES

EMULATED COMPONENT

PROCESSOR ARCHITECTURE

FLGURE 3
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4.0 EXTERNAL INTERFACES

Successful execution of a BDX-930 emulation requires that certain
external logic signals be supplied. A listing of these signals is given
in Table I, grouped according to function.

4.1 Clock Inputs

The oscillator and divider chain (resident on the timing and control
card) was not included in this description. A simulated four megahertz
signal must enter JlO pins liB (A_) and 23B (A). The "power-on sequence"
is followed after a signal with a high to low sequence is input on JlO
pin 50B (POS)_

4.2 Memory Interface

Sixteen signals are presented by the CPU with a memory address inverted
on connector JlOpins 4B, 5B, 6B, 7B, 13B, 15B, 16B, 17B 35B, 36B, 38B,
39B, 52B, 53B, 54B and 56B (MARO0* - MARl5*). Memory data enters and exits
the processor on a bi-directional I/0 bus contained on connector JlO
pins 9A, IIA, I£A, 13A, 21B, 22B, 27B, 31A, 31B, 33A, 33B, 34A, 34B, 36A,
38A and 39A (DATOO-DAT 15).

A memory request is indicated by a low signal on connector J9 pin 55A
(MEM*). When a write operation is being requested, a low signal is presented

on connector Jg pin C7C (MM*); otherwise, a read operation is being requested.

The modified clocking scheme used in this model assumes that the memory

operation is complete at the end of a single clock cycle, i.e. the handshake

logic is not included in the description.

4.3 I/0 Interface

Only a rudimentary I/0 interface was included in the description.
Sixteen bit I/0 data enters and exits the processor on the DAT bus
(DATOO-DATI5), as in the memory interface. For output, a low signal is
generated on connector J9 pin 19C (QIO*). A low signal is generated for
an input instruction on connector J9 pin 22C (QII*). A low signal is
presented whene_er the I/0 bus is to be read on connector J9 Pin 27B
(QIOIN*).

The remaining I/0 strobes (necessary for the proper execution of the
I/0 instructions) were not simulated.

Three discrete external signals can be individually tested using skip
instructions and enter the CPU on connector JlO pins 2A, 3A and 4A
(EXTI, EXT2, EXT3). A discrete output is available on connector JlO pin
IOA (FLAG 2). A _tatus input is available for use with crtain I/0 instruc-
tions (ISR, OSR) on connector JlO pin 25B (READY).

t .

i",

2O



4.4 Interrupt System

The interrupt system can be armed and disarmed externally via a logic
signal on connector JlO pin 24A (ARM). A logical "OR" of all interrupt

requests enters the CPU by an inverted logic signal on connector JlO

pin 29A (IR*). When processing the interrupt, a signal is provided to

determine the page of the interrupt address (by tying it to the I/O bus

in the back plane) on connector Jl0 pin 27A (IAM*).

4.5 Test Set Control

These signals interface a test set or software development system and
can be used to simulate such a system.

4.6 Test Points

These signals are available for monitoring various points in the CPU.

21



COMPUTER CONNECTOR PINS (1)

DATA BUS CONNECTIONS

CONN PIN SIG IDENT IC PIN FUNCTION

JIO-7B MARO0 w t143 - 20 OUTPUT

JIO-6B MAR01* U43 - 18 OUTPUT

JIO-5B MAR02* U43 - 16 OUTPUT

JIO-4B MAR03* U43 - 14 OUTPUT

J10-17B MAR04* U42 - 20 OUTPUT

J10-16B MAR05* U42 - 18 OUTPUT

J10-15B MAR06* U42 - 16 OUTPUT

J10-13B MAR07* U42 - 14 OUTPUT

J10-39B MAR08* U40 - 20 OUTPUT

J10-38B MAR09* U40 - 18 OUTPUT

J10-36B MARIO* U40 - 16 OUTPUT

J10-35B MARl1* U40 - 14 OUTPUT

J10-56B MAR12* U39 - 20 OUTPUT

J10-54B MAR13* U39 - 18 OUTPUT

J10-53B MAR14* U39 - 16 OUTPUT

J10-52B MAR15* U39 - 14 OUTPUT

(1) See Figures 4 and 5 for Signal Identities.

/

TABLE l

22



J10-27B

JIO-9A

J10-22B

JIO-2iB

JI0-11A

J10-12A

JI0-39A

JIO-13A

JIO-34B

JI0-33B

JIO-34A

JIO-31B

J10-31A

JlO-33A

JIO-36A

J10-38A

DATO0

DAT01

DAT02

DAT03

DAT04

DAT05

DAT06

DAT07

DAT08

DAT09

DATIO

DATII

DATI2

DATI3

DAT14

DAT15

U37 - 18

U37 - 17

U37 - 14

U37 - 13

U37- 8

U37 - 7

U37 - 4

U3T- 3

U36 - 18

U36 - 17

U36 - 14

U36 - 13

U36- 8 •

U36- 7

U36- 4

U36- 3

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I?

--) _

?_

TABLE 1 (Continued)
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CONN PIN

J9-19C

J9-22C

J9-27B

J9-27C

J9-55A

J10-2A

JIO-3A

JIO-4A

JIO-IOA

J10-25B

J10-29A

JIO-24A

JIO-27A

I/0 AND MEMORY CONTROL SIGNALS

SIG IDENT IC PIN

010" U04 - 5

011" U32 - 6

QIOIN* U05 - 6

MM* U38 - 9

MEM* U32 - 8

EXTI U72 - 4

EXT2 U72 - 3

EXT3 U72 - 2

FLAG2 U71 - 8

READY U09 - 17

IR* U48 - 3

ARM U63 - 1

IAM* U48 - 6

FUNCTION

OUTPUT "_ -

OUTPUT

OUTPUT

OUTPUT

OUTPUT

INPUT "

INPUT _

INPUT ';

OUTPUT

INPUT

•. -.INPUT --

INPUT _ '

OUTPUT '_

TABLE l (Continued)
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TESTSETCONTROLSIGNALS

CONNPIN SIG IDENT IC PIN FUNCTION

J10-19A TEST* U48 - 13 INPUT

J10-26B TSSR U09 - 18 INPUT

JIO-6A HLTP* U65 - 12 OUTPUT

J10-25A HALT* U48 - 9 OUTPUT

TABLEl (Continued)
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CLOCKSIGNALS

CONNPIN SIG IDENT IC PIN

J10-11B AI U20 - 5

J10-23B A U13 - 1

JIO-50B POS U60 - I

FUNCTION

INPUT

INPUT

INPUT

TABLEl (Continued)

26



CUNN PIN

JIO-gB

dlO-tO_

dtO-t2B

JIO-t4A

Jln-tSA

JIO-16A

JtOol_A

J10-188

JlO-19P

JL0-20A

JI0-20B

JlO-21_.

JIO-22A

JIO-23A

,I10-26A

Jl0-30A

Jt0-35A

JI0-37A

JI0-40A

JIO-40B

J10-41_

JlO-42B

JIO-43R

JI0-458

JlO-40A

TEST POIN1 SIGNALS

SLG TDE_T IC PIN

ZERU IJ09 - 7

t_O0 U25 - 11

I_01 U25 - 5

I3 1119 -

ETIR* U46 - 1

I2 [J56 -

COND U_9 - 3

TOR* U2O - b

T_R_ I120 - 11

{bSB* UI0 - 4

TIB_ b20 - o

ESPC* UTO o 3

E_TRT_ U70 - " 2

E_CH* U70 - 1

EDR U_8 - 60

AOV U09 -

FOV U06 - o

RPTOV* U04 - 14

I1 U64 - 11

TRO8 U25 - 12

SLGN U09 - 6

COUT UU9 - 13

IR02 U18 - 11

IRO9 U25 - 4

lIMA9 U15 - 15

FUNCTION

OUTPUT

nUTPUT

OUTPUT

OuTPU7

OUTPUT

OUTPUT

nUT_U_

_UTPUT

OUTPUT

OUTPUT

OUTPUT

_UTPUT

OUTPUT

OUTPUT

OUTPUI

OUTPUT

OUTPIJY

OUTPUT

ouTPuT

OUTPUT

OUTPUT

OUTPIIT

OUTPUT

OUTPU_

OUTPUT

TABLE 1 (Continued )
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JIO-47A

JIO-4_A

JIO-49A

JIO-50A

JIO-51A

JIO-_IB

,11n-52A

JI0-53A

JIO-_4A

JlO-SbA

JIO-IA

JlO-2b

JIO-SA

J10-30B

Jln-?A

UMAd

U_A7

UMAo

UMA5

UMA4

TR03

UMA3

U_A2

U_AI

LINK

PFEIN

A_

EX*

UI5 -

UI5 ',,

UI5 -

U15 -

U15 ',,

UI_ ,-

UI5 -

U15 -

U15 -

U15 -

U13 -

U13 -

U06 -

1138 -

Hlq "

19

18

17

Ib

b

b

,l

3

i

11

OUTPUT

OUTPUT

OUTPHT

OUTPUT

OUTPUT

OUTPI.IT

OUTPUT

OUT#UT

ObTPUT

OUTPUT

OUT_UT

OUTPUT

OUTPU_

OUTPUT

OUTPUT

TABLE 1 (Continued)
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5.0 EMULATION SYSTEM SYNTAX DEFINITION

The pre-processor for the QM-I emulation system accepts a description
of a computer system separated into several sections. These sections are
hierarchical in nature so that the emulation can grow in a modular fashion.

The definition of a computer system consists of the following sets
of information:

I. Interconnections of processor units, and

2. Description of the function and operation of each external
connection.

The definition of a processor unit consists of the following sets of
information:

I. Table of card labels and their respective position designation
or name in the card file on the motherboard,

2. Card file or motherboard interconnections, and

3. Description of _unction and operation of each external connection.

The definition of a circuit card consists of the following sets of
information:

I. Library of chip definitions by type,

2. Table of chip labels vs. chip types,

3. Table of list of connections between chips and also card

connectors,

4. Card label or identifier, and

5. Description of function and operation of each of the external
connections.

5.1 Library of Chip Definitions

The integrated circuit library is a collection of integrated circuit

type definitions. These definitions contain information about the I.C.,

including internal logic and pin assignments. The proper syntax is

given by:
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Type: Alphanumeric string terminated by an end-of-line.
First character is alphabetic; no spaces allowed

(20 characters max.).

Family: TTL

Power: List of ID's equated to pin numbers, i.e.

VCC = Pl6, GND = P8.
The list is terminated by end of line that is not

preceded by a comma.

Description: Alphanumeric string terminated.

Unused Pins: Either a list of pins or none, i.e. Pl, P2 ...

Functions: A list of assignment statements for each device

modeled on the chip.

The beginning of a chip definition is indicated by SDefine ChipS.

The end is indicated by SEnd ChipS.

Assignment statement feilds conform to the following syntax:

A) Gates

G-label (pin) = Gate type (input list)

where G-label is 10 characters max.

G: Identifies the device as a GATE.

Label:

(Pin):

Identifier, using the characters A..Z, 0..9, '

If the device output is connected to a pin or pins,

then these pins are listed here. Otherwise, this
field is omitted.

Gate Type: One of the following:

AND

OR

NOT
NAND

NOR

XOR
XNDR

30



(Input List): Inputs to the device are indicated by a list of

labels separated by commas. If an input is
inverted (i.e. the logic drawing has a circle

at the input) then the form is "INV(label)".

Otherwise, the form is "label"

This label can be the output of a device on the

chip, or a chip pin number. The Q output of a

flip-flop is indicated by a '

B) Three-State Gates

GTS-label (pins) = gate type (inputlist); disconnect (input

label)
where GTS-label is IO characters max.

GTS: Identifies the output as a 3-state device.

Label: Same as gates.

(Pins): Same as gates.

Gate Type: Sameas gates.

(Input List): Same as gates.

Disconnect: DIS-HIGH if disconnect occurs when "input label"

is high
DIS-LOW if disconnect occurs when "input label"

is low.

(Input Label): Input signal that enables the 3-state device

output.

C) Flip-Flops.

FF-Label (Q pins(s); Q pins(s))= Flip-flop type (input list)
where FF-label 10 characters max.

FF:

Label:

Q pins:

Identifies device as a flip-flop.

Identifies using the characters A..Z, 0..9.

Pin number(s) of Q outputs
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Q pins: Pin number(s) of Q outputs

Flip-Flop Type: Oneof the following:

Input List:

D
R-S
J-K
T

Each list item is of the form X = input identifies,
where X can be the following:

PRESET:For preset
CLEAR: For clear
J: j input
K: k input
CLK: Clock input
DATA: Data
RESET: Reset input
SET: Set input

List items are separated by commas. Only those
input on the modeled device need to be specified.
The clock input identifier has a modifier of
- DOWNfor a down-going clock and -UP for an
up-going clock if the clock is. not level.

D. Read-Only Memory Chips

ROM-label (pin) = Address (MSB, Next MSB, ... LSB),

where ROM-label is 10 characters max.,

- OR -

ROM TS-label (pin) = Address (MSB, Next MSB, ... LSB); Operation

(input list),

where ROM TS-label is 10 characters max.,

ROM or ROMTS signify a read-only memory output with normal output or
3-state output respectively.

Pin indicates the chip pin that the output drives (if any).

Address indicates that the output is a function of the value of the

input address vector.

MSB, Next MSB, ..., LSB: The address source idenfiers are listed in

the order of most significant bit (MSB) to least significant bit (LSB).
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Operation (Input List): If the ROM output is 3-state, this field
will indicate_'that the control variable source and the manner in
which the 3-state control is applied.

The data is stored in the ROMwill be represented by a Table in the
emulation. The Address (list) will tell the Translator what
variables are used to form the address for the ROM.

The syntax for chip definitions is summariezed in Table 2.

5.2 Circuit Card Definitions

The description of a circuitcard contains a number of tables. One
table will indicate the interconnections between components and connectors
on the card. The entries in this table are the pins of the components and
connectors (e.g. U2-19 -_ U6-10, U3-6 --) PI-42, where the first example
indicates a connection of U2 and U64 and the second indicates the connec-
tion of U3 and connector PI). Another table lists the correspondence
between component identifiers for the circuit board and component type
(e.g. UIO - 54LSI0).

A) Circuit Board Interconnection Table Syntax

The interconnection of the integrated circuits on the circuit card
as well as the card connectors(s) are listed in this table. A
table entry consists of three fields. The first field is a source
or output of a device. The second field is a list of destinations.
The third field, which is optional, is the signal name and is inside
quote marks.

Source --_ destination, ..., destination "signal name".

B) Chip Label Table Syntax

The table of integrated circuit identifiers and types has entries
of the form

chip id - chip type

where chip id is an identifier that will uniquely label each chip
on the card (e.g. UI, U3, Z4, etc.). Chip type is a label which
identifies the type of chip and is the type field in the integrated
circuit lib_aryl

C) Circuit Card Connector Pin Functions

A description of the electrical function for each connector pin on
each circuit card is required so that these functions may be modeled
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SYNTAX DEFINITION

<'IC_LIZBRARY> :=,<IC_LIST> <EnF>
<IC_LIST> := <IC_LI_T> <DEFIMITII]ti>
(IC_LIST> := <DEFIllITIOll>

.

<])EFIHITIDH> := <HERD> <BD_Y> <TAIL>

<HEAl)> := $ CHIP DEFIHITIDI'! $

<I_nDY> := <CHIP_TYPE> <FAMILY> "<PDI_ER> <IIESCRIPTIDM>
+ <UIIUSEI;_P IH$> <FUllCTIOr-4$>
<CHIP_TYPE> := TYPE : <CHIP_I])>
<CH I'P_ID> := <IDErlTIFIER>

<FQNILY> := FQNILY : <IDEI4TIFIER>

<PDt,JER> := POI,:ER : <PDt,.IER_LI_T>

<POI_ER_LIST> := <PDt,JER_LIST> , <PI]I,JER_EhTRY>

<PDkIER_L IST> := <pnl.,JER_EllTRY>

<PDWER..EI'ITRY> := VCC = <PIPI_PIUMP.ER>
<PDt,.IER_B'FIRY> := Gl'II)= <PII_I_I'IUMBER>

<PIh_I';UM_ER> := P- <COr'I_TRllT>

<_DESCRIPT'InN> := ])ESCRIPTInll : <l_snRI)S> <.END_t,J_R])8>
<I,]DR])3> := • <t,JORDS> <l_nRD>

<I,.IDR,9,_>:= <WDRD>
<WEIR])> := <I])El'ITIF IER>

<WDR])> := <CDI'I:._TRllT>

<EI']])_W[IPD_> := .

<UllU3E])_PII'I_.> := UNU::;E])PIf'l$ : <PII'I_LISI>
<UI'IU:_ED_PI;.I_>:= UrIU_E]) Pills : Mi]r4E

<PII'LLIST> := KPIH_LIS'I'>: , <PIII_HUM_BER>
<.PIN_L.I:_T> := .<pj I'I_HUMBER>
<FUriC_IDM3>. := FUHCTIDll_ ": <_;TRTEMEI'IT_LI_;T>

<_;TFITEHEI'IT_LI_;T> := <_TRTEHENT_LISI> KELEHEr{TRRY__;TRTEMEI'IT>

<_;TRTEHE;'IT_LIST> := <ELEHEllTRRY_STRTEMEri'I'>
<ELENEllTRRY__TRTEHEI'IT> := <GRTE__;TRTENE._]]'>

<ELENEI'ITRRY__TRTEMEI'_T> := Ci',.R._GFITE__TR'I'ENErtT>
<ELENEllTRRY_$TRTEHEllT> := <FF_$TRTEI, IEI_IT>
<ELEI'IEriTRRY__;TRTEHEI_T> := <RDM_$TRTEMENT>

<ELEHEllTRP.Y__TRTEHEI'IT> := <TS_RDr,I__TATEI'IENT>

<GRTE__TF_TEf'IE._-IT> := <GRTE_VRR> <R$_;IGh_nF'> <G._TE_TYPE> <RRGUEMEI'_T_>
<6RTE_VRR> := G- <LR:BEL> <OUTPUT_PIlaf>

<GFITE_Vt_R> := G - <LR3EL>
<LRBEL> := <IDENT IF IER>

<LR3EL> := <IDEHTIFIER> "

<DUTPUT_PIrI> := ( <PII'LllUNI::ER> )
<R;_:'316ll__JP>.-'- -- "

<GFITE_T'/PE> := RI'_D

<G,_TE_TYF'E> := DR

<6RTE_TYF'E> := l_]RriD

<GRTE_TYPE> -= MOT
<6RTE_TYPE> := HDR

<G_TE_TYPE> := ):;OF.:

<GFITE_T'_"F'E> "=- XI.IrIR

"+" indicates continuation of previous line.

TABLE 2

ATTACHMENT I, Page 1 of 2
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<:_OURCE> :=

<SOURCE> :=
<:;OURCE> :=

<SOURCE> :=

<_OURCE> :=
<_nURCE> ":=

<RRGUEMEHT_> := ( <II'IPUT_LIST> )

<I'I'IPUT_LI._T> := .<II'IPUT_LI:_T> , <I;'IPUT>

<INPUT_LI_T> := <II'IPUT>
<IHPUT> := <SOURCE>

<IrlPUT> := <II'IVERT). <SOURCE>

<IMVERT> := .INV.
<P IMJIUMI_ER>

B- <LAIBEL>
GTS- <LFIBEL>
FF- <LRBEL>

R[IM- KLRBEL>

RI]MT_; - <LRBEL>

<T:;-GATE_$TATEMEHT> := <T__6FITE_VAR> KA3_.IGrI_oP} <GFITE_TYPE>
+ ; KCnNTRDL> KcnrlTRQL_LI._T>

<T_-_GFITE_'..'AR> := GT_, <LABEL> <nUTPUT_P Irl)-
<CONTROL> := <I)I._CrlrI_HIGH>

<CDPITRDL> := <D I$COI';_LDW>

<D I_COI'I_HIGH> := I)13_H IGH

<Ii.i:;COI'LLnW> := ])I__LnW

<CEII'ITRnL_LI_T> := ( <INPUT> )

<FF_$TFITEMEI'JT> := <FF_VF_R> <A_,I6FI_£}P_. _FF_TYPE> <FF_ARGUEJ.IEI']T::?>
<FF_VAR> := FF KLF_BEL> <FF_OUTPUT_P If'IS>

<FF_OUTPUT_PIM_> := ( <Q_PIrI> ; K;'IOT_Q_PII%" .',
<Q_PII'I> := <PIrI_NUMBER>
<Q_P IM> :=

<rIDT_Q_P IN> := <P IrI_I'IUM_ER>
.<NOT_Q_PIH> :=

<FF_TYPE> := ]) -"..
<FF_TYPE> := R_
<FF_TYPE> := JK

<FF_TYPE> := T

<FF-ARL;UEFIEI'IT_> := ( <FF_ARGUEMENT_> <FF_I_R,3> .',

<FF_FIRGUEMEMT_> := ( <FF_FIR6> )
<FF_ARG> := <FF_PAR> <R_:_IGI'i_nP> <{ _IPIJT>
<FF_PFIR> := p

<FF_PI-IR> := C
<FF_PAR> := j

<FF_PAR> := K

<FF_PAR> := ])ATR

<FF_PP.R> := R

<FF_PAR> := _;ET
<FF_P_R.'.:. := CLK. UP

<FF_F'AR> := CLK. I_Ot,J;';

<CFF-PFIR.'.: := CLK

<RDr'I_:_T_TEI.IENT> := ,_ROI.I_'.._R><A_::_IGILI]P> <ATJZ_F.:ES:C._'..'ECTr_R>

KRnM_VRF.:> := RnM <LR])EL> <rtUTPUT_PIM>
<_DDF'E$::_._VECTnR,.'-:= .( <ADDRE:-_'.:S_LIS:T>>

<RDDF.:EC,:S_LI_T> .:= <_I)DRES$_LIST> , <RI_I,F.'E_-::_.'.-
<P.I',DF.'E_;:-':_LI._T> := <ADDRE:_>

• <A£,DF.:E:S:_> : = <IrIPUT>
<T:;-F'Ot.I_:ZTRTEFIE_.IT> := <T__R_r'I_VP.F.:.'><.R$_ 16N_r;FS'--

+ <AnnRE$_:_VECTr_R> : <cDrITRr;L_PRF..:F>

•,T..;__,uN_..._E..,:= F'.nI.IT>;<LFi[:EL> <[_IJTF'I_q_PII._>
•:.'.cr_r4TROL_PFiRT;_;= <L':nrFTRnL> <r:F,hTF.:DL_LI :.:l>

<Tr_iL} := $ END L':HIP '_

TABLE 2 (Cont..)

AI-FA_MENT T, Page 2 of 2
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during the emulation of the circuit card. Information such as the
source of the function, its relationship to the circuit card, etc.
are the kinds of information needed.

D) Card Label

Each type card will have an alpha-numberic identifier assinged of

up to 10 characters.

5.3 Processor Definition

A) Card Assignment Table Syntax

This table assigns a card type (card label) to a card slot or

position.

Example: Position Card Type

Al CPU

A2 Memory

A3 Timing

B) Card Interconnection Table Syntax

The table indicates the signal connections between cards. It is
of the following form:

Source Feeds

Al - A --> A2 - A, A3 - A, ...

Al - B -> A3 - B

Etc.

The identifiers are of the form "card-position identifies -

pin designation".

This table will also include the connection of the cards to external

connectors, if any.

C) External Connection Description

Each external signal needs to be described in sufficient detail to

allow simulation of these signals.
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5.4 System Definition

A) Processor Interconnections Syntax

The connections between processors will be similar to the card
interconnections.

B) External Signal Description Syntax

Similar to external connection description.
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6.0 VALIDATION OF THE EMULATION SYSTEM SYNTAX
DESCRIPTION OF THE BDX930 COMPUTER

The description of a computer as complex as the BDX930 requires some
type of validation procedure to verify its correctness. Using a hierarchial
approach, it is possible to show that the description is complete and func-
tionally correct. The chip libraries and interconnection tables were trans-
lated into the BLISS Programming Language, and the resulting BDX930 simulation
was used to successfully execute a self test program.

One possible source of error in the current study is the lack of a
functioning preprocessor for the emulation system. Without such a prepro-
cessor, it is impossible to check for syntax errors in the description.

The BLISS Language was designed by Digital Equipment Corporation for
building system software. It is ideally suited for simulating logic networks
because:

o It is very close to assembly language and generates code efficient
in execution time,

o It contains all the necessary primitive logic operators,

o It is a structured language with a good variety of constructs to
make programming easier and more legible,

o It contains a macro facility so that operators may be defined in
a syntax similar to that of the emulator preprocessor.

A set of BLISS routines were coded representing the two cards in the
processor. The interchip (and intercard) connection data, as coded in the
emulator syntax, were interspersed with the BLISS statements as BLISS comments.
After each BLISS chip simulation, the output connections from that chip (and
certain input connections) are listed in emulator syntax. For convenience,
the cards were broken down into four BLISS partitions, similar to the four
stages of the instruction pipeline. After each BLISS partition was validated
all signals entering and leaving each BLISS chip were visually checked to be
correctly contained in the interchip connection portion of the emulation syn-
tax description.
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For simple chips (small scale integration), a single BLISS statement

was written for each gate, and included in the proper BLISS partition routine.
However, when the chip contained MSI or LSi, a BLISS subroutine was constructed

containing a model of the chip. Again emulator syntax statements were inter-

spersed with BLISS statements, corresponding gates being grouped together.
Once the BLISS subroutine was validated, the equivalence between statements

in the two languages was visually checked.

The BLISS partition routines and chip subroutines were run as an emula-

tion using executive routines coded by Bendix for its gate level parallel
emulator. This simplified the checkout procedure. A self test program,

developed by Bendix for in-flight testing of its BDX930 minicomputer to a

92% coverage level of hardware faults, was used as a validation tool. Appen-
dix I lists the self test program. The BLISS routines were considered

validated when this program was successfully executed.
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7.0 CHIPLIBRARIES

Table 3 lists the integrated circuits in the chip library for both the
CPUcard and the timing and control card. Table 4 gives an equivalent gate
count for MSI and LSI chips. Figures 7 through 24 are diagrams of the gate
level equivalent for each chip.

o Appendix A contains descriptions of chips in the preprocessor
syntax for the CPUcard.

o Appendix B contains BLISS routines for the chips in Appendix A.

o Appendix C contains descriptions of chips in the preprocessor
syntax for the timing and control card.
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INTEGrAtED

T_PE

54.I,3.00

54.5_00

74.b5_00

54.b_.02

54.5.0_

54.S_04

54.L3_08

74.L3_Ug

74_5_] U

74.b3.11

74.5_20

54.5_32

74.3.37

74.40

54.L3.86

54_h3.113

54.125

TABLE 3

C£RCUIT CHLP LIBRARY

QUAU

QuAU

QUAU

QUAD

QUAD

H_X

QUAD

Q_AO

D_3CRLPTION

2-INPUT PUSITIVE-NAND GATE3,

2-1_PUT POSITIVE-NAND GATES,

2-INPUT PUSlT_VE-NAND GATES,

2-I_PUR PGSZTIV_-_OR GA'£E3,

2-I_PUR POSITiVE-NO_ GATE3,

LNVERTER_,

2-I_PUT PO6ITIVE-AND GALES,

2-1_PUI POSITIVE-AND GATES,

TRIPLE 3-INPUT PO3111VE NANO GATES,

TRIPL_ 3-1NPUT POSITIVE AND GATE3,

DUAG 4-1NPUI PQ3ITIVE NAND GAI_,

QUAD 2-1NPU? PO3ITIVE-OH GAIE@,

QUAD 2-INPUT PO@ITIVE-NAND BU_FERS,

DUA6 4-_NPUT PO@ITIVE-NANO BU/YER3,

OUAD 2-1NPUR EXCbUSIVE-UH GAI_,

DuA6 GA_O J - _ FbIP-FbOP@,

QUAb BUS Bli_'F_g GATE_ WITH

T_REE-STATE OUTPUTS,
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54.b_.151

54_3.15l

54_LS.153

54.L__I5U

54.LS.169

54.L_.175

74.LS_245

54.LS_25J

54.5__273

54.3.288

54.L_.352

54.S.472

94U7

TARIF _ (CONT'DJ

1 " OF " _ OATA SE[,ECTORS/

MUI.,T IPI.,e_XKRS,

I - OF " 8 DATA _ELECTOR_/

MULTIPLEXERS.

DUAL I - OF - 4 UA'IA SELECTORS/
MUGT IPLEXERS,

2-LINE TO I-LINE DA'[A 3ELECTORSIMULTIPL_XERS

wITH I, NVERTEU OUTPUTS,

_¥NCH._O_OUS 4-BIT UP/DOWN COUNTER,

QUAD D-'£YPE FLIP-FLOPS,

OCTAL 8UI,'FEH,5, LINE D_IVERS, LINE RP.CEIVEH5
with INVERTED 3-STATE OUTPU[S,

DUAL I-0F-4 DATA SELECTL]RSIMULTIPL, EXE_S

.ITH 3-6TATW- (JUIPUTS,

OCTAL D-TYPE _'L XP-F LOP3

32 _ORD_ t}¥ 8 BIT P_OM _ITH

3-@TA%E OUTPUIS,

DUAL 4"LINE'TO'I'GINE DATA

@ELECIORSIMUbTIPGEXER@,

HEX BUS DRIVERS WITH 3-@TATE OUTPUTS,

OCTAL D-T_PE 'TRANSPARENT GAICHE@, AND

_QGE-TR_GGERED FLIP-FLOP,5 w_'£H

3-5'f A'IE OUTPUTS,

OCTAL D'TYPE FLIP'FLOPS,

512 WORD "_ B_ d dIT PRO_ WITH

3"STA'IE OUTPUTS,

512 _ORDS BY 8 BIT PROM WITH

J'3'IA'/E OUTPUTS,

BIP{JI, AR MICROCON IRO{,ER,

LOOK-AHEAD CARR_ GELqERATORS,

MEMORY ADDHE_3 GENERATORS,



MICROCIRCUITS AND EQUIVALENT GATE COUNT

DEVICE

2901A

2902

54113

54151

54153

54158

54169

54175

54245

54253

54273

54352

54374

54377

9407

EQUIVALENT GATES

798

19

8

17

16

15

58

22

18

16

34

16

26

35

143

FIGURE 6
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Q4./,IUDRUPLIE 2.1NIq./T

IkDI;ITIVS-NAND GATIEK

O0
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PO6iTIVIE.NOR GATIE$

O2
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HEX INVIEIqTIERS
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I tC t¢

QUADRUPLE 24NPUT

PQmTIVIE-ANO GATES
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FIGURE 7
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TRIPLE 34 NIqJ'T

PQ$1TIVS-NAND GATES

10

mml_ Iolw:

y - ARC

14: tT __

TRIPLE 3-INPUT

I_0$1TIVE-ANO GATES

11

DUAl. 4-INPIJT

POSlTIVE-NANO GATES

2O

Y = AOCO

!

QUAORUIPLE 2-1NIqJT

FQSITIVE-OR GATES

32

Y - A÷8

FIGURE 7 (CONT'D)
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GUAORUPLE 2. I NP_rT

I_ITIVE-NANO BUFFERS
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• ii iv zA _ 2Y _._o

DUAL 4-1NIIUT

POSlT|VI-NAND IUFF|RI

4O
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Y - ASCD

1

QUADRUPLE _ llUF FER GATES

12S

Y-A

OvtDut is Off iCI_I when C is high.
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FIGURE 7 (CONT'D) "
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8.0 INTERCONNECTION DESCRIPTION

The remainder of the BDX930 emulation description is contained in the

following appendices.

o Appendix D - BDX930 Processor Intercard

o Appendix E - CPU Card

o Appendix F - Timing and Control Card
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9.0 EXTENSIONTOA COMPLETESIFT PROCESSOR

The objective of the present programis to eventually emulate the SIFT
(Software ImplementedFault Tolerance) ComputerSystem. While this report
describes the BDX930Processor, the next logical step is to describe a SIFT
Processor with its associated I/0.

SIFT is an ultra-reliable computer system that is designed for flight
critical aircraft control and avionics applications. It is based on a
multiprocessor architecture that achieves fault tolerance by replicating
computing, tasks amongprocessing units. Error detection and system recon-
figuration are performed by software. The SIFT system is shownin Figure
23 in a 7-processor configuration. A single processor is shownin Figure 24.

In order to emulate a SIFT Processor, it is necessary to extend the
present description to include the following cards.

o J2
o J3

o J4 -

o J5 -
o J7 & J8 -

o J9 -

Bus Processor Interface

MemoryInterface and Control
Broadcast Receiver
1553 Data Link

Main Memory,and

RemainingTiming and Control

This is approximately ten sheets of logic, comparedto six sheets
already simulated.
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APPENDIXA
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$ CHIP DEFINITION $

IYPE1

FAMIbYI

PDwEH|

_E_CHIPTION_

UNUSED P_NSS

FUNCTION_z

54.5.00

TCb

VCC _ P'14t

_UAD 2-INPIJ¢

NONE

G-O%(P-3)

G-O2(P-6)

G-O3(P-_)

G-O4(P-11)

¢ NAND(P-lp P-2)

= NAND(P'4e P-5)

NAhD(P-gw P-IO)

NANU(P-_2w P-13)

$ END CHIP $

GATES,

TABLE 4
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S CHIP DEFINITION S

IYP_:

EAMIbY:

POwE_I

QESCRIPYION:

uNUSeD PIN_;

_'UNCTION@:

54.L3.00

ITb

VCC = P-14,

_UAD 2-1NPII_

NO_E

G-OI(P-3}

G-O2(P-6)

G-O3(P-@)

G-O4(B-11)

= NArD(P-I, P-2)

= aA_D(P-4, P-b)

= NAND(P-ge P-IU)

= NAND(P-12, P-13)

$ END CHIP @

TABLE 5
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$ CHIP DEFINITION $

7YPE=

FAMIbY=

POrtER=

OE_CHTPTION=

UNUSED PIN_=

FUNCIION@!

54.S.02

TTb

VCC = P-14,

QUAD 2-1NPUT

NONE

G-OI(P-1)

G-O2(P-4]

G-O3(P-IO)

G-Q4(P-13)

= NOR(P'2p P'3)

= NOH(P'Sw P-6)

= NUR(P'So P-9)

= NOR(P't1, P'12)

$ END CHIP S

GATES.

TABLE 6
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$ C_IP DEFINITION $

IYPEI

FAMIbYI

POaEHI

QE_C_IPTIONI

UNUSED PINSl

iU_CTIONSl

$4.L__02

TTL

VCC = P-14p

QUAD 2"INPUT

N_NE

G-UI(P-1)

G-O2(P-4)

G-O3(P-103

G-O4(P-13]

= NO_(P-2, P-3J

= NOR(P-5, P-b)

= NUR(P-Se P-9}

= NOR(P-11, P-12)

6 END CHIP @

GATES,

TABLE 7
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$ CHIP DEFINITION $

IYPE:

FAMI&Y=

PO_EH:

OE_CRIPTION:

UNUSED PINS:

GND

_UNCTIONfi=

G-OI(P-2)

G-O2(P-4)

G-O3(P-b)

G-O4(P-8)

G-O5(P-tO)

G-O6(P-12)

: INV(P-I)

: INV(P-]}

: INV(P-5}

: INV(P-9)

: INVtP'11)

: IN.V(P-1])

$ END CHLP $

P-7

TABLE 8
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$ CHIP

IYPE:

FAMIbYI

PO_EH|

O{_C_IP?ION!

UNUSED P[NSZ

D_FINITION $

54.b__Og

TTb

VCC = P'14,

UUAD 2-/NPU_

NO_E

GATES,

VUNCTIUNS_

?

G-OI(P-])

G-O2(P-B)

G-O3(P-g)

G-O4(P-LI]

= AND(P-Ip P'2e)

= AND(P-4, P-5}

= AND(P-9, P-IOe)

= A_O(P-I2e P-%.)]

$ END CHIP $

TABLE 9
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$ CHIP DEFINITION S

TYPE:

FAM[bYX

POWER:

DESCH!PTIONZ

uNUSED PINS:

54.S.32

TT6

VCC = P-14,

QUAD 2-1NPUT

NO_E

GND = P-7

POSITIVE-OR GAIES,

FUNCTION_

G-OI(P-3)

G-O2(P-6)

G-O3(P-8)

G-O4(P-I1)

= OR(P-t, P-R,)

= OR(P-4, P-_,)

= OH(P-g, P-IO)

= OR[P-12, P-13)

$ END CHZP $

TABLE 10
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$ CHIP DE_INIIIUN @

TYPES 54_[,S_H6

FAMIb¥| TTb

POWER= VCC = P-14,

QE@CRIPTIONI QUAB 2-1NPU_

UNUSED PIN@= _O_E

GND = P-7

EXCbUSIVE-(}R

FUNCTION_=

G'Dt(P'J) =

G-O2(P-6) =

G-D3(P-8) =

G-D4(P't%)

XOR(P-lw P-2)

XOR(P-_e P-5)

XOR(P-gw P-tO)

XOR(P-12t P-t3)

$ END CHIP $

GATES,

TABLE 11
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TYPES

FAMIbXI

POWER|

DESCRIPTION;

UNUSED PINS_

FUNCTIONS_

CHIP DEFINIIION $

54.L5.113

TTL

VCC = P-14, GND = P-'l

DUAb GATED d - _ FbIP-F&OP,

NONE

FF-A(P-5, P-6) = J-K (PRE_ETmXNV(P-4)

J=P-3

K=P-2

CbK.UP=P-_}

FF-B(P-9w P-SJ : d-K (PRESET:INV(P-IO)

J:P-tl

K:P-12
CbK.UP:P-I"3

$ END CHIP $

TABLE 12
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$ CHIP D_FINITION $

TYPE= b4_125

FAMILY= TTb

POwER_ VCC

OE_CRIPTION= GOAD

UNUSED PINSl NONE

= P't4w GND = P-7

BUS _UFFEH GATE_ wITH

TH_E_-STAT_ OUTPUTS,

FUNCTION_I

GT_-¥I(P-3) "

GTS-Y2CP-6)

GTS-¥3(P=8)

GT_-Y4(P-II}

= ANDCP-2);

= ANDCP-5);

= AND(P-9);

= AND(P-t2);

$ END CHIP @

DI@.HIGH(P-I)

DI_.HIGH(P-4)

OI@._IGH(P-10}

OI@.HIGH{P-I])

TABLE 13
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$ CHIP DEFININIIION S

T_P_: 54._-151

FAMILY: TTb

P_WLR; vCC = P-tOe G-ND = P-8

1 " Oh" " 8 DATA _EbECTORS/

MU&TIPLEXERS,

NONE

FUNCTIONS:

G-tAB = NOT(P-It)

G-IA = INV(G-IAB]

G-IBB = _OT(P-IO)

G-IB = INV(G-IBB)

G-ICB = NOT(P-g)

G-IC = INV(G-ICB)

G-SIB = INV(P-7)

G-GO = AND(G-STB, P-4e G-IA_, G-IBBw G-ICB)

G-OI = AN0(GeSTB, P-3, G-IA, G-IBB, G-ICB)

G-D2 = AND(G-STB, P-2e G-LAB, G-I_, G-ICB)

.G-D3 = AND(G-STB, P-t, G-IA, G-IB, G-ICB)

G-O_ = ANQ(G-STB, P-t5_ G-LAB, G-IBBe G-IC)

G-O_ = ANO(G'@TB, P-14, G'[Ap G-IBBp G-IC)

G-Oh = AND(G-SCB, P't3t G'IABI G'IBe G-IC)

G-D7 = A_D(G'_TB, P'12, G-IA, G-IB, G-IC)

G'WLP-6) = NOHCG-O0, G'Utp G'02, G-O_, G'U4,
G-05, G'Ob, G'07)

G'¥(P-5) = INV(G'*)

S END CHIP $

TABLE 14
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$ .CHIP DEFTI_TNT'ITO _I $

TYPe: 54.bR. lbl

TIL

PUWER: VCC = "P-lo, G-Nn = P-_

I - 1"11."- H {)ATA _EhECTORS/

MUIJ [IPI, EXEQ3.

NONE

FUNCTInN_;

G°IAB : NUT(P-If)

_-IA : I_V{(;-IAB}

_-T_B = NUTCP-IO)

G-I_ = INV(G-I_B)

_-ICB = NUTCP-q)

_-IC = INV(G-ICb)

G-$1B : INV(P-7)

_-00 = ANO(G-STBw P-4, G-IA_, G-lePw G-I_H)

G-Of : AND(G-@TH, P-I, G-il, G-IBH, G-ICB)

C-02 = AMO(G-3TB, P-2, G'IA_e G-IB, _-IC_)

_-03 = AND(G-3TB, P-t, G-1A, G-L8, G-ICB)

_-04 = A_ID(G-@T_, P'XSw _-IARw. G-IB_e G-IC}

_-05 : ANU(G-STB, P-14, G-IA, G-T6n, G,IC)

C-06: AND(G-STB, P-13, C-IAB, G-I_, G-IC)

C-Q7 = ANO(G-3?B, P-t2, _-IA, G-!_, G-IC)

_.w(P-_) : NORCG-UO, G-UI, G-U2, G-d3, G-U4,

C-05, C-_b, C-O'l)

_-Y(_-5) : LNV(G-_)

S _ND CHIP S

TABLE 15
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S CHIP DEVINITI_N S

TYPE: 54.bS. lb3

FAMIb_I TTb

PO*ER; VCC = P'lO, GND = P-8

DESCRIPTIONI DUAb I OF 4 DATA 5ELECTORS/MULTIPb£XER_.

UNUSED PINS: NONE

FUNCTIONS:

G-$_ARA = INV(P-I)

G-IAB = NOT(P-14)

G-IA = INV(G-IA_)

G-I.B = NOT(P-2)

G-I@ : INVCG-_B_)

G-OIA = AND(G-S_ARA, P-b, G-lAB, G-IBm)

G-ORA-= AND(G-SBAKAw P-b, G-IA, G-IbB)

G-O3A = AND(G-_BAHA, P-4, G-IAB, G-IB)

G-O4A = AND(G-8oAHA, P'_e G-IA, G-IB)

G-RI(P-7) = OR(G'UIA, G-ORA, G'O3A, G-O4A)

G'$BARB = INV(P-tS)

G'OIB = AND(G'SBA_B, PolO, G'IAB, G'IBB)

G-ORB = AND(G-&dA_, P'It, G-IA, G'£BB)

G'O3B = AND(G-_BA_Bw P-12, G-IABp G-I_)

G-O4B = AND(G'SBA_Bw P'13, G'IA, G'IB)
G-RR(P-9) = O_{G'OIBp G-O2B, G-03_, G-O4B)

$ END CHIP $

TABLE 16
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$ CHZP $

TYPE:

FAMILI:

POWER1

DESCRIPTION:

UmUSED PI_S:

FUNCTIONS:

G-SB

G-SY

G-SX

G-A1

G-BI

G-01

G'A2

G-B2
G-OR

DEFINITION

54.58.1bR

T_L

VCC =

OUAD

NUNE

P'lUt GND = P-B

2-LINK TO I-blNE DATA

SELECTOHS/_ULTIPLEXERS,

= NOT{P-I)

= AND{INV(G-_B),

= AND(ZNV(P-I),

= ANDCP'2,

= AND(P'3F

CP'4) = NOR

INVCP-I_]

INVCP-15))

G-SX)

G-SY)

{G-Alp

= ANU(P'5,

= AND(P'b,

(P'7) = NOR

G-SX)

G-SY)

(G-A2,

AND(P-If

AND(P-10

= NOR

G'A3 = , G'SX)

G'B3 = , G'SY)

G'O3(P'9) (G'A3,

G-A& = AND(P'14, G'SX)

G-B4 = AND(P'13, G'_Y)

G-O4(P'12) = NOR£G'A4,

S END CHIP S

G-BI)

G-B2)

G-_3)

G-B4)

TABLE 17
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DEFZNXTION $

54.b8.169

GNU = P-8

DESCRIPTION! SYNCHRONOUS 4-BIT UP/DOWN COUNTER,

UNU3ED PZNSI NONE

FUNCTIONS|

G-CK = NOT(P-2)

G-UDI = NOT(P-I)

G-LB = INV(P-9)
G-L = NOT(G-bB)

GeEP = INV(P-7)

G'ET = ZNV(P'I0)

G-COUNT = AN0(P-9. G=EP. G=ET)

G-GA1 = AND(G-UDIw VF-A)

GeQA2 = AND(I_V(G-UD[), FF-A')
G-CI • NOR(G-OAt. G-QA2)

G-QBI = AND(G=UDZo FF=B)

G=QB2 = AND(INV(G=UDZ), FF-B')
G'C2 : NOR(G'QBI, G=OB2)

G-OC1 = AND(G-UDIe FF-C)
G-OC2 = AND(INV(G-UDI)p FF-C')

G-C3 = NOR(G-OCt, G-_C2)

G-QD1 = AND(G-UOI, FF-OX)

G-QD2 = AND(INV(G=UOI), FF-DX t)

G'C4 • NOR(G'QD1, G=GO2)

G-A = NOTCG-COUNT)

GeAB = AND(G-COUNT# FF-A')
G-AA • AND(FF-Ap G-Ae G-L)

G-rA = AND(GIbBe PQ3)

G-Dr = OR(GoAA_ G=ABe G-ZA)

G-B = NAND(G=COUNTw G-C1)
G-BB = AND(G-COUNTe FF'Bwe G-C1)

G-SA a AND(FFoBw G=B, G-b)

G'IB = ANDCG-bBp P'4)

G'D2 = OR(G_Aw G-BB, G-IB)

G'C : NAND(G=COUNTe G'CI, G'C2)
G'CB : AND(G'COUNT, .FF'C w G-Ct, G-C2)

GeCA = AND(F_-Ce G'Ce G=_)

G-IC = AND(G-LBp P-5)
G-03 = OR(G=CAw G°CBe GoIC)

G-OX = NANI_(G-COUNT, G-C1, G=C2, G-C3)
G..OB " AND(G-COUNT, F'_'..UX". G-CI, G-C2w G'-C3)

G-OA = AND(FF-DXe G-OX, G-[J)
G-ID = AND(G-L.Bd. P'.6)

TABLE 18

85



G-D4 : OR(G-DA. G-DS, G-ID)

G-CO(P'15) : NAND(INV(P-IO), G-C1, G-C2, G-C3, G-C4)

FF-A(P-14) = _(CLK.UP=GoCK,
DATA=G'D1)

FF-B(P'I]) = D(CLK.UP=GeCKw
DATA=GoD2)

FF-C(P-12) = D(C_K.UP=GeCKe
DATA=G°U3)

FF-DX(P-11) = D(CLK-UPsGeCKp
DATA=G-D4)

$ END CHIP $

TABLE 18 (CONT'D)
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S CHIP DEFINITION $

TYPE! 54.bS.175

FAMILY: TTL

POw_R_ VCC = P°16. GND =

DESCRIPTION: QUAD D-TYPE F_IP-rLOPS

UNUSED PINS1 NONE

_UNCTION$:

G-CbK=NOT(P-9]

G-CbR=NOT(INV(P-1))

FF-QI(P-2ePo3) = D(CLEAR:INVCG-CLR)p
OATA=P-4_

CbK.UP=INV(G-C_K))

FF°Q2(P-TpP-6) = D(CbEAR=INV(G-CLR)e
DATA=PoS,
CbK.UP=INV(G-CbK))

PF-Q3(PolO,P-11) =

FF'Q4"(P'ISwP'14) =

P-,8

D(CLEAR=INV(O-CLH)_

OATA=PIt2w
CLK.UPaINV(G-CbK))

DX(CbEAR=INV(G-CbR)e

DATA=P-13,
CLK.UP=INV(G-CbK))

$ END CHIP S

TABLE 19
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$ CHIP D_FINXTION $

TYPE:

FAMIbY:

POwEH=

DE3CRIPTION=

UNUSED PINS:

54.L_.245

TTb

VCC =

OCTAb

NONE

P-20t GND = P-IO

_U3 TRAN3CEIVER_
_ITH 3-5'IATE OUTPUTS.

FUNCIIUNSI

G-B = AND(INV

G-OUZAZ(P'2)
G-OUTA2(P'J)
G-OUIA3(P'4)
G-OUIA4CP-5)
G-OUTA5(P-6)
G-OUCAb(P-7)
G-OUTA7(P-B]
G-OUIAS(P-_)

(P-l)p INV(P-19)

= AND(G-OUT_I);

= ANDCG-OUT_2};

= AND(G-OUT_3);
= AND(G-OUTB4)_

= AND(G-OUTB5);
= AND(G-OUTB6);

= A_D('G-OUT_7);
= AND(G-OUT_8);

DIS.bOW(G-B)

DIS.bOw(G-B)

DI3.bOw(G-_)

Dl@.bOw(G-_)

Ol3.bOw(G-_)

DIS.bO*(G-B)

OIS.bOw(G-b)

G-A = AND(P'%

G-UUCBI(P-18)

G-OUTB2(P-17)

G-OUTB3(P-16)
G-OUTB4(P-15)

G-OUTB5(P'14)
G-OUCBb(P'18)

G-OUTB7(P-12)

G-OUIBS(P'11)

, INV(-19))

= AND(G-OUTAI)I

= ANDCG-OUTA2)3

= AND(G-OUTA3);

: ANQ(G-OUTA4);

= AND(G-OUTA5);

= ANDCG-OUTAb);

= AND(G-OUTA7)_

= AND(G-OUIA8);

DIS.LOW(G-A)

DI3.bO*(G-A)

DIS.bOw(G-A)

DIS.bOw(G-A)

DIS.bOw(G-A)

DIS.bO*(G-A)

DIS.bOW(G-A)

OI5.&O,(G-A)

$ END CHIP S

TABLE 20
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$ CHIP DEFInitiON $

TYPE! 54.b8.253

FAMILW! TTb

PUWER_ VCC = P'16, GNO : P'8

O_SCRIPTION= DUAL 4-bINE-TO-I-LINE DATA

_ELECTOR_/MUbTIPbEAERS

,IIH 3-5iA'fE OUTPUTS,

UNUSED PINS: NONE

FUNCTIONS;

G-S_AR1 = INV(P-1)
G-IAB = NUT(P-14)

G-IA = INVCG-IA_)

G-IB@ = NOT(P-2)
G-IB m INVCG-_BB)

G-OIA = ANDCG-SBARI, P-6, G-IAR, G-IBm]

G-O2A = AND(G-SdARZ, P-5, G-IA, G-IBB}

G'OjA : A_DCG-SSAR1, P'4, G-IAB, G-IB)

G-O4A : AND(G-SBARIp P'3, G'IA, G-IB)

GIS'I¥(P'i) = OR(G'OIA, G'Q2A_ G'GJA, G'O4A};

G'SBAR2 =.INV(P'15)

G'OIB =-AND(G-SOAR2, P'IO, G'IA@, G'IBB]

G'O2B = ANO(G'SBAR2, P'11, G'IA, G'IBB)

G-O3B = AND(G-SBAH2, P'12, G-_AB, G-I_)

G'O4B = AND(G'S_AR2e P'14, G'IA, G'IS)
G_S-2_CP-9) = O_(G-OI_, G-O2B, G-GJB, G-O4BJ_

$ END CHIP S

.DIS_LO,(G-GHAkI)

OIS.bOw(G_SBAR2)

TABLE 21
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$ CHiP DEFINITIUN $

TYP£1 54.bS.273

FAMILY! TTL

POWERI VCC = P-20# G-NO = P-IO

DESCRIPTION: OCTAL D-TYPE FLIP-FLOPS,

UNUSED PINS1 NONE

fUNCTIONS|

G-C_B = NOT{P-If)
G-C&R = NOT(INV(P-I)}

KF-OI(P-2) = D(CL_AR=INV{G-CbR)w

DATA=P-I,

CLK.UP=INV(G-C_B))

FF-D2(P°5) = D(CL[A_:INV(G-CbR)w

DATA:Pq4,

CLK=UP:INV(G-CbB))

FF-D3(P-6) = D(CLEAR=INV(G-CbR)e

DATA=P'7t
CLK.UP=INV(G-CbB))

FF-D4(P-9) = D(CbEA_=INV(G'CbR)e

OATA=P'Sw.
CLK.UP:INV(G-CLB))

rF-DS(P-12) = O(CLEAR=INV(G-CLRw

DATA=PqI3.
CLK.UP=INV(G-CLB))

FF-O6(P-15) = D(C&{AR:INV(G-CbRw
DATA=P=14.
CLK.UP=INV(GqCLB))-

FF-DT(P-16) = D(CLEAR=INV(G-CbRw
DATA=P-17w
CLK.UP=INV(G=CLB))

FF-OS(P-19) = D(CbEAR=INV(G-CbRr

DATA=P-I@p
CLK.UP=INV(G=CbB))

$ END CHIP O

TABLE 22
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$ CHIP

TYPE:

FAHIGY

PO_E_:

O_bC_IPTION:

UNUSED PIN31

_OMTS-D3(P-3) =

HOMTS-D4(P-4) =

ROMTS-D5(P-5) =

ROMTS-D6(P'6) =

ROMTS-D7(P-7) =

HOMI_-DB(P-9) =

D_FINITIUN

54_S.288

¢¢b

VCC = P-161

32 wUHD5 8X

_ITH 3-@IAIE

NONE

$

GND =

BIT PROM

Ou'rPIJT@.

P-8

AODRES_(P'IO, P'11, P'12,
DI3.HIGH(P'15)

ADDREGSCP'IO, P'11, P'12,
DI3.EIGH(P'15)

AOURE33(P'IO, P'llw P'12e
bI_.HIGH(P'I5)

ADURESS{P'LOw P'llo P'12,

DI3.HIGH(P'15]

ADD_E3_(P'IO, P'll, P'12,
DI_.HIGH(P'15)

AODHE_S(P-IO, P'11, P-12,

0IS..IGH(P'lb)

ADDRES_(F'IOw P'11, P'12,

DI6.HIGH(P'15)

AODR_S_(P'IO, P'll, P'I2,

DI3.HIGH(P'I5)

$ END CHIP S

P'13,

P-13,

P-13,

P-13,

P-13,

P-13,

P-14);

P-14);

P-14);

P-14)1

P-14);

P-14);

P-14]1

P-14);

TABLE 23
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$ CHIP DEFINITION $

T_PEI 54.LB.352

FAMIb¥_ TTb

POWER: VCC = P-lb, GND = P-8

D_SCRIPTION: DUAb 4-BIN,-TO-I-LINE DATA

SELECTORS/MUbTIPLEXERS,

UNUSED PINS: NON_

FUNCTIONS:

G-SBARI = INV(P-1)

G-IAB : NOT(P-t4)

G-IA = 1NV(G'IAB)

G-ImB : NOT(P-2)
G-IS = INV(G-£BB]

G-OIA : AND(G-SBARI, P-6, G-IAB, G-IBB)

G-O2A : AND(G-SBAHIe P-Se G-IA, G-IBB)

G-O3A = AND(G-S_AHIe P-41G-IABp G-IB)

G-O4A : AND(G-SBAR%e P'3, G-IA, G-IB)

G-OUTlCP-7) : NOR(G-OlAf G-O2A, G-O3Ap G-U4A)

G-SBAR2 = INV(P-15)

G'OIB = AND(G-SBAR2p P'IO, G'IAB, G-IBB)

G-O2B = AND(G-SBAH2e P'11, G'IA_ G-IBB)

G'O3B = AND(G-SBAR2, P'12, G-IAB, G'IB)

G-O4B = AND(G-SBAH2, P'I3, G'iA, G-IB)
G-OUT2(P-9) = NOR(G-OIB, G-O2B, G-O3B, GqO4B)

$ ENO ChIP S

i

TABLE 24
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$ CHIP D_FINITIUN $

CYPE:

FAMIbY;

PO,ER:

OESCRIPYION:

ONUSED P_NS:

FUNCIIONSl

G-A1

G-A2

= AND(INV(P-15))

= A_D(I_V(P-1)}

GTS-OI(P-3)

GTS-O2(P-5)

GTS-O3(P-7)

GTS-O4(P-9)

GTS-O5(P-11}

GTS-O6(P-.13}

= ANDCP-2}I

= AND(P-4)I

= ANO(P-6)_

= ANO(P-IO)1

= AND{P'12)_

: A_D(P-14)_

OUTPUTS,

DI_.HIGH(G'A2)

DI_.HIGH(G'A2)

OIS.HIGH(.G'A2)

DI@.HIGH(G'A2)

QI@.MIGH(G'AI}

OI@.HIGH(G'A1)

$ END CHIP $

TABLE 25
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S CHIP DEFINITION $

TYPE! 54.bS.374

FAMIS¥I TTb

POW_RI VCC = P'20, GNO : P-IO

OESCRIPTION; OCTAL D-TYPE TRANSPAR£NT,
LATCHES, AND [OG[-TRIGGERED
FLIP-FLOPS WITH S-STATE OUTPUTS,

UNUSED PIN$I NONE

FUNCTIONS:

G-OCB = I_V(P-1
G-CbB = NOT(P-11)

FF-Q! = D(DATA:P-3,
CLK.UPzG'CbB)

G'OI(P-2) = AND(INVCFF-QI'])I DIS.SUWCG-OCB)

FF-Q2 : D(DATA:P'4p
CLK.UP:G-CLB)

G'Q2(P-5) : AND(INV(FF-Q2")):DIS.LO_(G'OCB)

FF-Q3 : D(DATA:P-7,
CLK.UP:G'CLB)

G-Q3(P-6) : AND(INV(FF-Q3"))IDIS.bO_CG-OCB)

FF-Q4 : D(DATA:P'8,
CLK.UP:G'CbB)

G-O4(P-9) : ANO(INV(FF-Q4"));DIS.LOW(G'OCB)

FF-Q5 : D(DATA:P'13,
CLKwUP:G'CbB)

G'QS(P'12) = ANDCINV(FF-OS"));OI$.LUWCG'OCB)

FF'Q6 : DCDATA:P'14,
CLK.UP:G'CLB)

G'Q6(P'15) : ANDCINV(FF-Q6"));DL$.SUW(G'OCB)

FF-Q7 : DCDATA:P-17,
CbK.UP:G-CLB)

G-QTCP-16) : ANDClNV(FF'Q7#))IOI$.LOW(G'OCB)

FF-Q8 : D(DATA=P'IR,
CLK.UP:G'CbB)

_-O8(P-19) : ANDCINV(FF-QSe)];DIS.LO(G-OCB)

$ KND CHIP S

TABLE 26
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$ CHIP

T_PE!

FAMIL¥I

POWER|

O{SC_IPIIONI

UNUSED PINSl

FUNCTIONS!

G-CbB = MOT(P-11)
G-_ = INV(P-t)

DEFINI_IQN $

25.b8.377

If&

VCC = P'20, GNO = P'I0

OCTA& O-TYPE F&IP-FbOP$,

NONE

FF-ENBL = D(DATA=INV(G'B)_

CbK.UP=G'CL_F
CbEAR=INV(G-C&B))

FF'QI{P-2) = D(DATA=P'],
CLK.UP=FF-_NBL)

FF-Q2(P-5) = D(DATA=P-4,
CLK.UP=FF-KNBL)

FFoQ3(P_6) = D(DATAmP-7w
CLK.UP=FFoENSL)

FF-Q4(P-9) = D(DATA=P-B,
CLK.UP=FF-ENBG)

FF-Q5(P_12) = D(DATA=P'I3,
CLK.UP=FFoENBb)

FF-QG(P_tS) : D(DATA:P'14,
CbK.UP:FF'ENBb)

FF-QT(P-I6] = O(DATA=P'17,
CbK.UP=FFtENBb)

FFmQe(P-19] = D(OATAnP'[8,
CbK.UPzFF-ENBb)

$ ENO CHIP $

TABLE 27
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$ CHIP

IYPE_

_AMILYZ

PO_ER!

UNUSED PINS:

DEFINITION $

54.5.472

VCC = P-20, GND = P-IO

512 WORD6 _Y 8 _IT PROM

_ITH 3-S_A_E OUTPUTS,

NONE

FIJNC[ION3:

ROMTS'DI(P'6) = ADDRESS(P'I, P'2_ P'3w P'4e P'be P'lb, P'lTw

P-18f P'19); UIS.HIGH(P'lb]

ROMTS-O2CP'7] = ADDR_SSCP'Ip P'2e P'3e P-4_ P'5, P'10, P'L7e

P'lSp P'19)I _IS.HXGH(P-lb)

ROMTS-O3(P'B) : ADDRESS[P'I, P'2e P'Se P-4, P'b, P'16e P'lTw

P-18e P-19)_ DlS.HIGHCP-15)

_OMTS-D4{P-9) : ADDRESS(P-I, P-2e P-Sw P-4e P-5, P-16, P-17,

P-18_ P-19]_ DIS.HIGH(P-15)

ROMTS-D5(P-11) : ADDRE_SCP-le P-2p P-3p P'4e P-Sp P'Lb, P'17e

P-18, P-19); DIS.HIGH(P-15)

ROMTS-D6(P'12) : ADD_E_S(P'lo P'2e P'3, P'4e P'be P'I_p P'lTe

P-18e P-19); DIS.HIGH(P-15)

RO_TS-DT(P-13) : ADD_E_&(P'If P'2e P']e P'4w P'5, P'lb, P'17e

P'18, P'19); DI_.HIGH(P-15)

_O_T_-DS(P-14) : ADDRE_S(P'I_ P-2_ P-Sw P'4e P-5_ P-lb, P-17,

P-18e P-19): DI_.HIGH(P-15)

S END CHIP $

TABLE 28
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$ CHIP

TYPEI

FA_IbY:

POwEH:

OE_C_IPTION_

UNUSED PINS:

D_FZNZTIUN S

54.L_.472

TTb

VCC = P-20, G_D = P-IO

512,0RD_ _Y 8 8_T PHOM

_ICH 3-STARE OUTPUTS,

NONE

FUNCTION6|

ROMT_-O1iP-6) = ADDRESS(P-I, P-2, P-3, P-4, P-5, P-lb, P-17,
P-IBr P-19)_ DIS_HIGH(P-1b)

HOHTS-D2(P-7) = ADOHES_(P-Ie P-2, P-3, P-4, P-5, P-lb, P-17,
P-18, P-19); DIS.HIGHiP-15)

ROMTS-D3(P-R} = AOORE_(P-L, P-2, P-3, P-4, P-5, P-lb, P-17,

P-IBw P-19); DI_.HIGH(P-15)

HOMTS-D4CP=9) : ADDRES_CP'I, P'2, P-3, P-4, P'5, P'tb, P-17,

P-18, P-19); DIS.HIGH(P-15)

ROMTS-D5(P-11) = ADDRE55(P-l,P-2, P'3, P'4, P-b, P'lb, P'17,

.P-IBp P'19)t UIS.HIGH(P-15} .....

ROMTS"D6(P'12) = ADDRE_5(P'I, P'2, P'3, P'4e P'5, P'lb, P'17,

P'IB, P'I9); UIS.hlGHCP'15)

_OMTS-DT(P'13) = ADDHESS(P'Ie P'2_ P'3p P'_, P'5, P'16, P'17,

P'18, P'I?); DIS.HIGH(P-15)

_OMTS-DS(P-14} = ADDrESS(P-I, P'2e P'3e P'4, P'5, P'16e P'17,

P-18, P-19)_ DI_.HIGH(P-15)

$ END CHIP

TABLE 29
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S CHIP

TYPE:

FAMILY1

POWER:

DESCRIPTION:

UNUSED PINS:

_EFINITION $

9407

TTL

VCC : P-24# GNO = Pq12

MEMORY ADDRESS PRUCESSORq

NONE

FUNCTIONS$

G-OCN = INV(P-6)

G-I28 : NOT(P-4)

G-SELA : NOT(G-I28)

G-SELB : INV(G-3ELA)

G-GIA = AND(FF-AO, G-SELA)

G-GIB : AND(FF-BO, G-SELS)

GTS-¥i(B-8) : UR(G-GIA, G-GIB)IDIS.LOW(G-GCN}

G-G2A : AND(FF'AI, G-SELA)

G-G2B : AND(FF'BI, G'SELB)
GTS-Y2(P-9) : OR(G-G2A, G-G2B);DIS.LOW(G-OCN)

G-G3A : AND(FF'A2, G-SELA)

G-G3B : AND(FF-B2, G-_ELR)
GTS-¥J(P-IO) : OR(G-G3A, G-G3B)_DZS.LOw(G-OCN_

G-G4A : AND(FF-A3, G-SELA)

G-G4B : AND(FF-B3, G-SEL8)
•GTS-Y4(P'11) = OH(G-G4A, G-G4B)_DZS.LOW(G'_CN)

G-A : NAND(P-5, G-I2B)
GeB : NAND(G-A, P-3)

G'C : NOT(G-B)

G-CLOCK : OHCP'7, P'I-)
G-T3EL : OR(G-CLOCK, G-C]

G-P_EL : OR(G-CLOCK, G-B)

G-12B" : NOT(G'I2B)

G'$¥ : AND(INV(G'I2B'), INVCP'5))

G-SX : AND(INV(G-I2B), INV(P-5))

G-AO

G-B0

G-Y0
G-A1

G-Y1

G-A2
G-B2

G-Y4

G-A3
G-B3

G-¥3

= AND(FF-AO, G-3X)

: AND(FF'B0, G-SY)

: NOR(G-A1, G-Bt)

: AND(FF-AI, G-SX)

: AND(FFoB1, G-S¥)

= NOR(G-A2, G-_2) •

: AND(FF'A2, G-SX)
: AND(FF-B2, G'_¥)

: NOR(G'A3, G'B3)

: AND(FF-A3, G-SX)

: ANDCFF-B3, G-SY)

: NORCG-A4, G-B4)

G-GO

G-PO

G-G%

: NOR(P'21p G'¥0)

: NAND(P-21, G-YO)

: NOR(P-19,-G'¥1)

TABLE 30
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G-P!
G-G2
G-P2
G-G3
G-P3

= NAND(P-19_ G-¥1)
= NnR(P-17, G-¥2)
= NAND(P-17p G-Y2]
= NOR(P-15, G-Y3)
: NAND(P'15, G-Y3)

G'C1 =
G'C1 =
G'C2 =
G'SO =
G'D2 =
G'D1 =
G'D4 ffi
GoD3 =
G-$1 =
G'E3 :
G'E2 =
G'EI :
G-E5 :
G'£4 :
Gt52 =
G-F4 =
G'F3 :
G'F2 :
G'FI :
G'F6 =
G-r5 :
G'S3 :
G'H5 :
G'H4 :
G'H3 =
G-H2 :
G'H1 g
G'CO*(P'13]

NO¢(P-23)
NO¢CG-CZ)
ANDCINVCG-GO)e G-PO)
XOR(G-CI. G-C2)
AND(G-G0)

AND(G-PO w G-CI)
NOR(G-Of, G-D2)

AND(INV(G-GI)e G-PI)

XDR(G-P3, G-D4)
AND(G-GI]

AND{G-GOw G-P1)
AND(G-PI, G-PO, G-CI)

NO_{G'EI_ G'E2e G'_3)
AND(ZNV(G-G2)e G-P2)
XOH(G-E4, G-ES)
AND(G-G2)
AND(G'GI, G'P2)
_ND(G'P2w G'PI, G-GO)
AND(P'P2, P'P1, P-PO, P'CZ)
NOR(G'F1p G'F2, G=F3, G-F4)
AND(INV(G-G3), G-P3)

XOR(G-FS, G-F6)
ZNVCG-G3}

NAND(G'G2, G'P3)
NAND(G'F3f G'P2, G'G1)
NAND(G'P3p G'P2, G'Ple G'GO)
NAND(G'P3w G'P2, G'Ple G'PO, G'CI]

AND(G'HI, G'H2, G'H3, G'H4, G'H5)

G-CbB : AND(G'PSEL)
FF'AO = D(DATA : G-SO_

CLK.DOWN = G-PCbB)
FF'AI = D(DATA : G'$le

CLK.DOWN : G-PCLB]

FF'A2 : D(DAIA : G'S2e
ChK.OOWN : G-PChB]

FF-A3 : D(DATA : G'_3e
CLK.DOWN : G-PC6B)

G-TCLB : AND(G-ISEb)

FF'BO : D(DATA : G_50,
CbK.DOWN : G-TCbB)

FF-B1 : D(DATA : G-S1,
CLK.DOWN = G-TCLB)

FF-B2 : D(DAYA : G-R2,
CLK.DOWN : G-TCLB)

FF-B3 : D(DA_A : G-S3e
CLK.DOWN : G-TCLB)

G-OCbB : AND(CLOCk)
FF-OO(IP'20) : D(DATA = G-80o

CLK.DOWN : G-OCbB)

FF-OI(;P'ig) : D(DATA = G-Slr

TABLE 30 (C0NT'D)
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CLK.DUWN = G-OCLB)
FF.U2(_P-16) = D(DATA = G-82w

CLK.DUWN = G-OCbB)
_F-O3(IP'$4) = D(DATA = G-830

CbK.DOWN = G-OCbB)

$ END CHIP S

TABLE 30 (CONT'D)
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CHIP b[FINI.IION $

TYPE|

FA_Lb_=

POWER=

DESCRIPTION:

UNUSED PINS=

A_.2901.A

TTb

VCC =

B1PULAR

NONE

P'IO, GND =

MICHOCQNTRObER.

P-JIO

FUNCTIONS:

G-CbB = NOTCP-15)

G-CLBB = NDTCG-CbB]

G-IAB1 = NnT(P-4]

G-IAI : INV(G-IABI)

G-IBBI : NOTCP-3)

G-IBI : INV(G-IBBI)

G-ICBI = NOT(P-2)

G-ICI = INV(G-ICB%]

G-IDBI = ND_(P-I)

G-IDDI = 1NV(G-IDBI)

G-AMULTO = AND(G-£ABI, G-IBBIp G-ICBIw G-IDBt)

G-AMU&T1 = AND(G-LAIp G-IBBIe G-ICBIw G-IDBI)-

G-AMUbT2 : ANO(G-IABIp G-iBle G-ICBL, G-IUBI)-

G-AMULT3 : ANQ(G-&Ale G-IBt G-ICB1, G-IUB1)

G-_MULT4 = ANO(G'IABtw G-IBBI, G°IC1, G-IDBI]

G-AMUbT5 : AND(G-EAt, G-IBBte G-ICI, G-IDBt)

G-AMUbT6 : AND(G-IAB%p G-£BIo G-IClp G-IDOl)

G-AMULT7 = ANO(G'IAIw G-[BIw G-ICI, G-IDBI]

G-ARUbT@ = ANU(G-IAB%p G-1BBIw G-ICbtw G-IDDt)

G-AMUbT_ = AND(G'IAIw G-LBBIw G-ICBI, G-IDDI]

G-AMU&TIO = AND(G-IAB%_ G-IB1e G-ICBIe G-IDDI)

G-AMUbT%I = AN_(G'IAI, G-IBlo G-LCB%o G-IDOI}

G-AMU&TI2 : AND(G-&ABI, G-IBBI_ G-ICIw G-IQDI}

G-AMUbT13 = ANQ(G'_AIt G-I,BI_ G'ICIe G-IUDI]

G-AMUbZ14 = AND(G-_A_L_ _-IBI_ G-ICIp G-IDDI)

G-AMU&TI5 =.AN_(G-IAI, G-IBIw G-ICIe G-IDDI)

TABLE 31

G-IAB2 = NO_(P'17)

G-IA2 = IhV(G-IAB2)

G-IbB2 = NOT(Y'18)

G-IS2 = INV(G-IBB2)

G-ICB2 : NO_{P-19)

G-IC2 : INV(G-ICB2)

G-I_B2 = _O_(P-20)

G-IDD2 = INV(G-IDb2)

G-BMUbTO . = AND(G-IAB2w G-IBR2, G-ICB2, G-IDB2)

G-B_Ubll = AND(G-IA2_ G-IBm2, G-1CB2, G-IDB2)

G-BMUbT2 = AND(G-IAB2e G-IB2_ G-IC_2_ G-IDB2)

G-B_UbT3 = A_D(G-IA2, G.-IB2, G-ICB2_ G-1DB2]

G-BMULT4 = A_D(G-IAB2_ G-IBm2, G-IC2, G-IU_2)
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G-BMULT5 =

G=BHULTb

G-BMULT7 =

G-BMULT_ =
G-BMULT9

G-B_UbTIO =

G-B_ULT11 =

G-BMULT12 =

G-BMULT13 =

G'BMUbT14 =

G-BMULT15 =

AND(G-1A2,
AhD(G-IA_2,

A_D(G-IA2,

AND(G-IA82,

AND(G-IA2,

AND(G-IAB2,

A_D(G-IA/,

G-IB82, G'IC2, G'IDB2)

G-I82, G'IC2, G'IDB2]

G'XB2, G'IC2, G'ID_2)

G-IBB2, G'ICB2, G'IDD2]

G'IB62_ G'ICd2, G'ID_2)

G_IB2, G'IC82, G'IDD2)

GolB2, G-IC82, G-IDD2)

A_D(G-IAB2, G-IBB2, G-IC2, G-IDD2)

A_D(G-IA2, G-IB82, G'IC2, G'ZDD2)
A_O(G-IAB2, G-I_2, G'IC2, G-I_D2)

AND(G-IA2, G-Ib2, G'IC2, G'IDD2)'

TABLE 31

(CONT'D)

G-AOO

G-AO0

G-AO0

G,,.AO0

G-AO0

G-AOO

G-AO0

G-AO0

G-AOO

G-AO0

G-AO0

G-AO0

G-AUO

G-AO0
G-AO0

G-AO0

G-A01

G-AOl

G-A01
G-AOl

G-AOl

G-AOl

G-A01

G-A01

G-AOt

G-A01
G-A01

G-A01

G°A01

G-AOt

G-A01

G-A01

G-AU2
G-AO2

G-A02

G-A02

G-A02

G-AO2

G-AU2
G-AU2

G-A02

G-AO2
G-A02

G-A02

G-AU2

G-A02
G-A02

= AND(FF-HMUO)I

= A_DCFF-RMU]);

= AND(FF-HMU2);

= AND(FF-RMG3);

= AND(FF-EMO5J_

= ANDCFF-_M06)_

= AND(FF-RMO7);

= A_D(F_-RMGBJI

= AND(FF-RM09);

= AND(FF-RMOIO);

= AND(FF-RMOII};
= AND(FF-HMO12];

= AND(FF-HM0133;

: AND(FF-RMO14)l

= A_D(FF-RMU15};

= AND(FF-RMOlb);

= AND(FF-_MGIT};

= AND(FF-_MUI_);
= AND(FF-R_019);

= AND(FF-RM020);

= AND(FF-RM021];

= AND(FF-RMU22);
= ANDCFF-RMO23);

= AND(FF-RM024);

= AND(FF-RM025};

= A_D(FF-RMU2b);

= A_D(FF-HM027];

= A_D(FF-HMO2b};

= AND(FF-HMU29);

= AND(FF-RM030];

= A_D(FF-RM031];

= AND(FF-RM032];
= ANO(FF-RM033);

= AND(FF-RM034);

= AND(FF-RM035];
= A&D(FF-RMO3b);

= A_D(FF-RM037);

= ANDCFF-_MU3_);

: A_O(FF-RMU39)$

= ANO(FF-RMU40];

: A_D(FF-RM041];

= A_D(FF-RM042);

= A_D(FF-RMO4J];

= AND(FF-KMU4b);

= A_D(FF-HMC4o);

DIS.HIG. CG-A_ULTO)

DIS.HLGhCG-A_U[,TI)

DIS.H£G_CG-AMUbT2}

D_.HIGHCG-AMU&T3)

DZ@.H_GnCG-A_ULI4)

D_5.H_GH(G-A_u[,T5)
DI3.HIGHCG-A_uLT6)

D_5.H£G_CG-A_U_T7)

D_.HIGH(G-AMULTS}
DI_.HiGn(G°A_UbT9)

DI_.HIGH(G-A,_ULTIO)

DI$_MIGH(G-AMULTll)

DI@__GH(G-AMUbTi2)

DI3.hIGH(G-AMULTI3)

DIS.nIG_(G-AMUGTI4)

UIS_HIGH(G-A_ULT15)

DI_.BIGH(G-AMU&TO)

QI@.nIGH(G-AMULTI)

Ol_.dlG_{G-AMULT2)

QI@._IGH(G-AMU&T3)

DI@.HIGH(G-AMU&T_)

QI_._IGH(G-A_U&T5)

DI_._IGH(G-A_UbTb)

_I@._IGH(G-AMU&T7)

_I@_HIGH(G-A_ULTS)

QI@__IGH(G-AMu&Tg)

_I3.MIGH(G-A_ULTIO)

OI@..IGH(G-AMULTll)

DI6_HIGH(G-AMULTI2)

UI@_nIGH(G-AMULT13)

DI_..IGH(G-A_U_T14)

PI@_nlG_(G-A_ULTIS)

DI__HIGH(G-AMULTO)

DI@_HIGH(G-AMULTI)

_I_.nIG_(G-AMU&T2)

_IS.HIGH(G-A_ULT3)

DI@.nIGH(G-AMULT4)

DI_.nIGH(G-AMULTb)

OI__HIGH(G-AMUbTT)

QI@.MIGH(G-A_ULTB)

DI__n/GH(G-AMU&Tg) -

DI3_HIGH(G-AMU&T$O)

_I__HIGH(G-AMUbTIt}

OI___IGH(G-AMtI{_T12)

DI$__IGH(G-AMU&T13)

ulb__IGH(G-A_UbTI4) I02



TABLE 31

(C0NT'D)

G-AO2

G'AO3
G-AO3

G-A03
G-AO3

G-AU3

G-AU3

G-AO3

G-AO3
G-AO3

G-AO3

G-AO3

G'AO3
G-AO3

G-AO3

G-AO3

G-A03
G-BOO

G=BO0

G-BO0

G-BOO
G-BO0

G-BO0

G-BO0

G-BUO

G-BOO
G-BOO

G-BOO
G-BOO

G-BOO

G-BOO

G-BOO

G-BO0

G-B01

G-BO1
G-BU1

G-BO1

G-BO!
G-BOI

GoBOI

G-BOI

G-B01
G-B01

G-BO!

G-BO1
G'BO1

G-BO1

G'BOl

G-BO1

G'BO2

G'BO2
G-802

G-BU2

G-BG2

G-BO2

G-BO2
G-BO2

G-BU2

G-BO2

G-RO2

G-B_2

= AND(FF-HM047);

= ANO(FF-RM048);
= A_D(FF-RMG49);

= ANO(FF-RMObO);

= AND(FF-RMObl);

= AND(FF-RM052);
= AND(FF-_MO53);

= AND(FF-RMO54);

= AND(FF-RMO55);

= A_D(FF-RMOSb);

= ANDCFF-RMO57);

: AND(F_-_MUSB);

= ANDCFF-RMO593;

= AND(F_-HM06O);

= ANDCFF-HM061);
= ANDCFF-RM062};

= AND(FF-HM063);

: A_O(FF-_MO1);

: ANO(FF-RMQ3}_

= AND(FF-MMO4);

= ANO(FF-_M05);

= A_D(FF-RMOb};

= A_D(F_-RM07)_

= AND(FF-RM08);

= A_D(FF-_Mog};

= A_D(FF-RMOIOJ;

= AND(FF-RMOll);

= AND(FF-RM012);
: AND(FF-RM013)I

= AND(FF-RM_14);

: AND(FF-NMUtS);

: AbD(FF-NMO16);

: AND(FF-RMO17);

: AND(FF-R_OIB};
= AND(FF-R_019);

= AND(FF-RM020);

: AND(FF-RM021);

: AND(FF-R_022];

= ANO(FF-RM023);
: ANDCFF-RMO24);

: ANO(FF-RM025];

: ANO(FF-RMO2b);
: ANOCFF-RMO27);

: AND(FF-RM028);

: AND(FF-RMO29);

: A.ND(FF-RMO3U);

: AND(FF-RM031);
: AND(FF-RM032);

: A_D(FF-RMOJ3);

: AND(FF-RMU34);

: ANDCFF-RM035);

= AND(FF-RMO3_};

= A_D(FF-RM037);

: A_D(FF-RM038);

: AND(FF-RMO39);

: AND(FF-RMO40);

: A_D(FF-RMO41);
: AND(FF-MMG42);

= A_D(FF-_MO43);

DI$.HIGH(G-AMU&¢153

DI_.dIGH(G-AMUbTO)
OI3.nlGH(G-AMU_¢I)

OI_.HZGH(G-A_U_T2)
DI_.HIGH(G-AMU_3)

DI_.HIGH(G-A_U_T4)

DI3.HIGH(G-AMU_TS)

DI_.HIGH(G-A_U_T6)

DI_._IGH(G-AmU_7)

UI_.HIGH(G-AMUbT_)

DI_._IGH(G-AMU_T9)
DI_.HIGH(G-AMU_TIO)

DI_._IGH(G-AMUG¢ll)

D_.HIGH(G-AMU_T12)
DI_.mlGH(G-AMUGT13)

DI_._IGH(G-AMUGT14}

DI_.HIGH(G-A_U_15)

DI_.HIGhCG-B_UhTO)

DI_.n_G_(G-_bLTI)
013.HIG_CG-_MUb_2}

DIS.HIGm(G-_MU_3)

DI_.HIGnCG-_MUbT4)

D_.HIGMCG-bMUbTS)

DI_.HIGm(G-BMU_Tb}
D_S.HIGH(G-_MU_¢7)

DZ6.HIGM(G-6MULTB)

DI_.HIGH(G-BmUbTIO)

UI&._IGH(G-BmUbI%I)

QI_.mlGH(G-BMU&TI2J

DI_.HIGH(G-BMU_¢13)

OI_nIGH(G-BMU_TI_)

OI___IGH(G-BMUbTIS)

DI@.HIGH(G-BMDbIO)

QI@.nlGH(G-@MU&II)

DI_.HIGH(G-BMU&T2)
DI@.HIGH(G-BMU&T3}

OlS.HIGMCG-B_ULTS)

DI_.nIGH(G-B_UbT6)

QI_.HIGH(G-BMUbTT)

DI@._IGH(G-BMU&I8)

DI_.HIGH(G-B_UbT9)

DIS.HIGH (G-BMU_TI t )

QI@.HIGM (G-BMU&Tt2}

DZ_._IGHCG-BMULT13)

OI_.HIGH(G-BMULT14)

DI_.HIGH(G-BMU_T15)

DI_.HIGH(G-_MbLT0)

DI_.HIGH(G-BMULTI}

_Z@.HLGH(G-B_U&T2)

DI_.HIGH(G-BMUbI3)

Plb.MIGM(G-B_U&T4)

QI_.nlGH(G-BMULT5)

DIS.HIGH(G-8_ULT6)

OI@._IGH(G-BMULT7)

QI@.mlGH{G-BMULTB)
DISmHIGHCG'BMULTg)

OI3.HIGH(G-BMUbT10)

OIb__IGH(G-BMULTII) I03



G'BO2 "

G'BU2 =

G'BO2 "-

G'BO2 -

G'BO3 --

G'BO3 =

G'BO3 --

G'BO3 -"

G'BU3 "

G'BO3 =

G-BU3 =
G-BO3 --

G-BU3 =

G-BO3 =

G'B03 -

G-i_O3 -

G-BO3 "

G-BO3 =

G-BU3 =

G-BO3 -"

AND(FF-RM044);

ANO(FF-RM045);

AND(FF'NMO4b);

AND(FF-RMO47);

AND(FF-RMO48);

AND(FF-RMO49);

AND(FF-RM050);

ASD(FF-RMUSt);

AND(FF-HM052);

AND(FF-RM053);

AND(FF-RM054];

AND(FF-HN055);

AND(FF-RMOSb);

A_D(FF-RM057);

ANDCFF-RM058);

ANO(FF-_MO59);

A_D(FF-R_O60);

AND(FF-RM061);

AND(FF-HMO62);
A_D(FF-_MG63);

DIS.MIGH(G-BMUbT12)

DIS.HIGH(G-BMULT13)

DIS.HIGH(G-BMULT14)

DIS.,ZGH(G-BMULT15)

OIS._IGH(G-BMULT0)

DI_.HIGH(G-BMULTI)

DIS.,IGHCG-BMULT2)

DI_._IGH(G-BMULT3)

_IS.HIGH(G-BMULT4)

DIS.MIGH(G-BMULTS)

_I_.HIG_(G-BMULT6)

DIS.dIGH(G-BMULT7)

UIS._IGH(G-_MU&TB)

UI3.HIGH(G-B_ULT9)

DIS.,IGH(G-BMULTIO)

DZ@.nlG.(G-BMULTIt)

UI_.,IGH(G-B_u&T12)

DI__nlGH(G-BMU&T%3)

_I_.,IGH(G-B_USTI4)

DI_.HIGH(G-BMULTIS)

G'LAO = ANDCG-AOO,

G-LBO = ANDCG-A05,

G-AuL = uRCG-LA0,

G-AOB = INV(G-AUL)
G-SA1 = AND(G'AOl,

G-LBI = AND(G'AIL,

G-AIL = OR(G'LAI,

G-AIB = INV(G-AIL)

G-LA2 = AND(G-AU2,

G'L_2 = AhD(G-A2L,

G-A2L = UR(G-LA2,

G-A2B = INV(G-A25)

G-LA3 = A_D(G-AO3,

G'L83 = AND(G'A3L,

G'A3L = UR(G'LA3,

G-A3B : INV(G-A35)

G-CbBB)

_OT(G-CLBB))

G-&B0)

G-CLBB)

NOI(G-CbBB)}

G-bB1)

G-CLUB)

_OI(G-CSBB))

G-582)

G-CLBB)

NOT(G-CbBB))

G-bB3)

G-LAO = AND(G-BO0, G-CLBB)

G-LB0 = A_D(G-BOL, NOT(G-CLBB))

G-BOL = OR(G-&A0, G-bBO)

G-LAI = AND(G-BOI, G-CLBB)

G-LBt = AND(G-BIb, _OT(G-CLBB})

G'BIL = UR(G-LAI, G'bBt)

G-LA2 = AND(G-BO2, G-CLBB)

G'LB2 = AND(G-B2L, NQT(G-CLBB))

G'B2L = OR(G'LA2, G'bB2}

G-LA3 = AND(G'BO3, G'CL_B}

G-SB3 = AND(G-B35, NOI(G-CLBB))

G'835 = UR(G'LA3, G'LB3)

TABLE 31 (CONT' D)

G-IuB = NOT(P-%2)

G-IIB = NOT(P-13)
G-I2B = N(JTCP-14)

G-I2BB = N{]T(_-I2B)

G-ID = NAND(G-IUB,

G-A_OL = ANO(G-128,

G-AHOR = ANQ(G-ID,

G-ItS)

G-lIB, G-AU5)

G-12BB, P-25) 104



G'RUB = NURCG'AHObe G-AROH)

G-A&OL = AND(G'I2_Be G'lldw G'AOL)

G-A_OM = AND(INV(G'LOB)e G'I2Bw G'BOL)
G-ASON = OR(INV(G'I18). II_V(G'I2BS))

G-A30R = AND(G'ASONw G'_O_e F_"QO)
G'SUB = NUR(G'A_O_e G'ASOHw G'ASOR)

G'ARlb = ANDCG'_2be G'|IBt G'Alb)
G'AH1R = AN_(G'iDt G'I2BBw P'24)

G'RIB= NO_{G-AR1Le G-ARIR)

G-ASlb = ANDCG-I2BB, G-I1Bw G-AlL)

G-A31_ = AND(INV(G-IO_)w G-I2_ G-BIL)

G-A31N = OR(lr_V(G-AtB)w [NVCG-12BB))

G-A@IR : ANDCG-A@INe G-lOB, F_-QI)

G-SIB : NUR(G-A31bw G-ASlMe G-A&IR)

G-AR2b = AND(G-12B, G-IIB, G-A2b)

G'AR2R = AND(G-ID_ G-128Bp P-23)
G-R2B = NOR(G-AH2&_ G-AR2R)

G-AS2L = ANDCG--L2_Bp G-11_e G-A2&)

G-A_2_ = AND(INV(G-LOB)w G-I2B, G-B2L)

G-A_2N = UR(INV(G-IIB)w [NV(G-12_))

G-AS2R : AN_(G-A_2No G-_O_e FF-Q2)
G-S2B = NOR(G-A_2bp.G-A52Mw G-A32H)

G'AR3b = AND(G'I2_ G'[IBe G'A3b}

G-AR3R = AND(G-IDw G-I2BB_ P'22)

G-R3B = NOR(G-AH3be G-A_JH}

G-A$3b = AND(G'I2_B_ G-II_ G-A3b)

G-A_3M = AND(INV(G-IOB)_ _-12_, G-B3b)

G-A_3N = OR(INV(G-IIB)_ I_V(G-I2Bu))

G-A_3R = AND(G-A_ON_ G-rOBe FF-Q3)
G°$3B = NUR(G-A_3_ G-A33_ G-A33R)

G-CH = NO%(P-26)
G-C_ = _0_(P-28)

G-FC = NO, OP-27)
G-[NF = AND(G-C3_ P-27)

G-ING-= AND(G-FC_ P-28_ P-26)
G-INH = NOR(G-I_ G-ING)

G-ROBI = XNURCG-CR_ G-ROB)

G-SOB1 = XNOR(G-C_ G_SOB)

G'PO : NAND(G-I_Hw G'ROBIe G-_OBI)

G'GO : NORCG-ROBI_ G'@OB%)

G'RIBI = XNOR(G-CR_ G-RIBJ

G-SIBI = XNORCG-C_, G-SIB)

G'PI : NAND(G-ZNH_ G-_IBI, G-@IBI)

G-GI : NOR(G-RI_I_ G-@IBI)
G'R2BI = _NOR(G'CR, G'R2B)

G-$2B1 = XNUR(G-C3_ G-S2B)

G-P2 = NAND(G-INHw G-R2Bt_ G-52B1)

G-G2 = NORCG-R2B;_ G-_2BI)

G-RjB1 = XN_R(G-C_ G-R3B)

G-$JBI = XNOR(G-C_ G-33B)

G-P3 = NAND(G-INH, G-H3BI_ G.-@3BI)

G-G3 : NOR(G-R3BI, G-S3BI)

TABLE 31 (CONT'D)
G-CNO = AND(G-INH_ P-29)

G-CAR0 = NnR(_-CN0)

G-CN%A = ANDCG-INH_ G-GU)

G-CNtB = ANU(INH_ G-P0_ P-29)

G-CARl = NOR(CNIA_ CNIB)

G-CN2A : AN_(G-INh, G-GI) I05



G-CN2B = ANO{G'PI, G-INHw G-G0)

G-CN2C = ANOCG'INH, G'PI, G-POp P-29)

G-CAR2 = NOH(G-CN2A_ G-CN28p G-CN2C)
G-CN]A = A_O(G-INe, G-G2)

G-CN@_ = AND(G-_Nh, G-P2, G-G1)

G-Cn3C = AND(G-INNp G-P2, G-PX, G-GO)

G-C_3D = AnD(G-LN_ G-P2, G-PX, G-P0, P-29]

G-CAR3 = NOR(G-CN@A, G-CN@B, G-CN@C,G-CN3D)

G'Gbl = AND(G-GO, G'PI, G'P2, G-P3)

G-GB2 = AND(G'GI, G'P2, G-PJ]

G-GB3 = AND(G'G2, G-P3)

G-GB4 : AND(G'G3)

G-G_AH(P'J2J = NORCG-GBI, G-GB2, G-GB3, G-G_4)

G-PEt = NAND{P'29, G'_3, G-P2, G'Pt, G'P0)

G'P_AR(P'J5) : nA_D(G'P@, G'P2, G'PI, G'PO]

G'CN4(P'33) = NAN_{G-G_AR, G-PBI]

G-P=3 = AND(G-GBAH_ G-PBt)

G-OVR{P-34) = XOR(G-P_Jw G-CAR@]

G-PGO = NAND(G-P0, &,_VCG'GO)

G'CARA = ANU(G-FC, G-CA_O)

G-FO = XNURCG-CARAw G-PG0)

G-PG% = NAND{G-Pt, INV(G-G%]

G-CARB = ANO(G-FC, G-CAHI)

G-FI = XN_R{G-CARB, G-PGt)

G-PG2 = NAND(G-P2_ INVCG-G_J

G-{ARC : ANO{G-FCe G-CAR2)

G-F2 =.XNQR(G-CARC, G-PG2)

G-PG3 = NANO(G-P@, INV(G-G@)

G-CARD .= AND{G-FCp G-CA_3)

G'F3 = XNUH{G-CARD, G-PG3)

G-FUB = NOT(G-F0]

G-FIB = NOT(G-FI]

G-F2B = NOT(G-F2)

G-F3B(P-31] = NOT(G-F3)

G-F_O(P-t%) = NOR(G-FOB, G-FIB, G-F2B, G-F@B)

TABLE 31 (C0NT'D)

•G-IbB = NOT{P-5)

G-ITB = NOTCP-6)

G-NS = NOT(P-7)

G-IbBB = NOTCG-_BB]

G-SD = NOR{P-b, G-N@)

G-SU = NOR{G-N@, G-£7B]

G-RE = NANDCG-17B, G-N@)

G-GT = AND(G-REe G-N@)

G-OR = NOR(G-16BB, G-GT]

G-$F = NA_O(G-IbB, G-RE, G-N@)

G-WE = ANDCG-HE, iNV(G-CLuB))

GTS-Q0(P-21) = NOT{FF-QO');

DI@.LUW{G-@U)

GI$-Q3(P-16) = NOTCFF-Q@");

DIS_bOW(G-@U)

GTS-RAM0(P-9) = NOTiG-FOB)_

D_.LUW(G-SD]

GT@-RAM@{P-@] = NOT(G-F@R)I

DLS_bO_(G-@U)

G-$FB = NOT(G-@F)

G-C_ = NOT{P-_O)
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$

G'YOA = AND(G'SFw G-FO)

G'YOB - AND(G'SF'B_ G'AOB)
G"YO(P'3b) = hOH(G'XOAe G'YOB)t DIS.[.,OW(G'CE)

G'YIA : AND(G'SF, G;'FL)

G'YIB = AND(G'SFBp G'AIB)
G'YI(P'3"/) = NOR(G'_IA, G-YIB); DIS.6OW(G'CE)

G-Y2A = AND(GmSF, G-F'2)

G-YRB = AND(G-$FB_ G'A2B)

G-Y2CP-J)8) = NOF_(G-'_2A, G-Y2B); DIS.LOWCGmCE]
G-Y3A = AND(G-SF, G-F'._)

G-YJB = ANDCG-SE'B, G-A3B)

G-Y3(P-39) = NORCG-]_JA, G-YJB)_ DIS.bOW(G-CE)

G'QSUO = AND(G',,,SU, GTS-QO)

G-QIw,SO = AND(G-kS, G-[.'Ot._)

G-QSDU = ANDEG',.SD, FF-QI)
G'Q'IO =NOI_(G-_SUUe G-_N,.SOo G-QSDO)

G-Q,SU1 = ANL)(G-,SU, FF-QO)
G-QNSt = AND(G-N,S_ G-Fld)

G-Q_DI = AhD(G-_Dp FF-Q2)

G-QTI = NO_R¢G-(_SUIw G-QN,.51e G-QSD1)
G-Q3U2 = AND(G-SU, FF-Q1)

G-Qh,52 = ANO(G-NS, G-l"2_)

G-Q3D2 = A_DCCJ-_D, FF-03)
G-QT2 = NOH(G'QSU2w G-ON32, G-QSD2)

G'Q_U3 = ANDCG-SU_ FF-Q2)

G-QNS3 = AND(G-N,5_ G-F']B)
G-O,SD3 =ANDf.G-,SD, GI":_-UJ)

G-Q'13 = bIOR(G-OSUJi, G-,QN,53,, G-OSD3)

G-OCLK = AND(INV(G-CLB), G-QE)

FF-QO =.D(DATA=G-OTOpCLK.UP=G-OC6K)
FF-GI = D(DACA=G'_TI,CLK.UP=G'QCLK)

FF'Q2 = D(DACA=G'UT2pCb_.UP=G'QCLK)
FF-Q3 = D(DATA=G-_T3,C6K.UP=G-QCLK)

G-T_UO = ANDCG-SUe GT3-_AHO)
G-TNSO = ANDCG-N_, G-FOB]

G-T3DO = AND(G-SD, G-F1B)
G-TTO = NOR(G-T3UOe G-T_O, G-TSDO)

G-T_U1 = AND(G-_U_ G-_'O_)

G-¢NSI = AND(G-_3_ G-Fib)

G°T_D1 = AND(G-3De G-F28)

GoTT1 = NCR(G-TSU1, G-TN81, G-TSDL)

G-T_U2 = AND(G-SU_ G-FIb)

G-TN_2 = ANO(G-N_, G-F2_)
G-T_D2 = AND(G-3D_ G-FJd)

G°TT2 = NOR(G-T3U2_ G-TNS2, G-T_D2)

G-T_U3 = AND(G-_U_ G-F2_]

G-TN83 = AND(G-NS, G-F3U)
G-T_D3 = AND(G-_D, GT_-HAM3)

G-TT3 = NORCG-T_U3, G-TN53, G-TSD3)

TABLE 31

(CONT'D)

G-ATEI = AND(G-BMU6TO, G-wE)

F_'-RMUO = D(DATA=G-_TO_Cb_.UP=G-ATE1)

FF-RMOIb : D(DATA:G-T_I,CbK.UP:G-ATE1)
FV-_MO32 = O(DA_A=G-TT2,C6__UP=G-ATE1)

FF'RMO48 = D(DATA=G'T_3,CbK-UP=G'AT£1)

G-A_E2 = AND(G-BMULT%, (;-,E) 107



TABLE 31

(C0NT'D)

FF-MMOI = D(DATA=G-IT0wCbK.UP=G-ATE2}

FF-RMOI7 = D(DAIA=G-TTlwCbK.UP=G-AIE2)

FF-RM033 = D(DAIA=G-TI2_C&K.UP=G-ATE2)

FF-HM049 = D(DATA=G-T_3eCbK.UP=G-AIE2)

G-ATE3 = AND(G-BMUL_2, G-_E)

FF-RMU2 = D(DATA=G'TTOwCL_.UP=G'A_[3)
FF-RMO1B = D(DATA=G-TTI_CLK.UP=G'AT_3)

FF-RM034 = D(DATA=G-TT2wCLK.UP=G'ATE3)

FF-RM050 = D(DATA=G-TT3eCL_.UP=G'ATE3)

G-A:rE4 = ANO(G-BMULT3_ G'_[)

FF-RM03 = D(DATA=G-TTOeChK.UP=G'ATE4)
FF-RMO19 = D(DATA=G-TIIwC_K.UP=G'AT_4)

FF-HM035 = D(DATA=G-TT2_CLK.UP=G'AT_4)

FF-RM051 = D(DATA=G-TT3pCLK.UP=G-ATE4)

G-ATE5 = AND(G'_MUL_4p G'*_)

FF-HM04 = D(DATA:G-T_UwCL_.UP:G-AT[5)

FF-RMO20 = D(DATA=G-TTI,Cb_.UP=G'AT_5)

KF-RMO3b = D(DATA=G-T_2eCbK.UP=G-AT_b)
F_-RM052 = OCDATA=G-TI3eC&_.UP=G-AT_5)

G-A_Eb = AND(G-E_U_ZS_ G-WE)

F_'R_05 = D(DATA=G-_TO_CbK.UP=G'ATEb)
FF°RM021 = D(DATA=G'_TI_C_K-UP=G'ATEb)

rF-_M037 = DCDA_A=G-T_2_C_K.UP=G'AT_b)

FF-_MU6 = D(DATA=G-_TUeCbK.UP=G'ATET)

FF-HM022 = D(DATA=G-_ZI_C_K.UP=G-ATE7)
FF-R_038 = D(DAIA=G-_I2_C&K.UP=G-ATE7)

F_-RM05_ = D(DAIA=G-T_3_CbK.UP=G-A_£7)

G-ATE8 = AND(G-8_UbT7_ G-WE)
FFoRM07 = D(DATA=G-_TO_C&K.UP=G-ATE8)

FF-R_023 = D(DATA=G-TTI_C_K-UP=G'ATE8)

FF-RMO39 = D(DATA=G-TT2_C_K.UP=G-A_ES)

FF-_M055 = D(DAZA=G-TZ3_C_.UP=G-AT_8)

G-A_E9 = ANDCG-_MULTS_ G-HE)

FF-RMQ8 = DCDATA=G-_T0,CbK.UP=G'ACE9)

FF-HMO24 = D(DATA=G-T_I_C&K.UP=G-AT_9)

FF-RMO40 = DCDAIA=G'TT2,C_-UPFG'AT_9)

FF-RMO56 = DCDA_A=G-T_3+C_K.UP=G-ATEg)
G-ATEIO = AND(G-BMU&T9_ G-W{)

FF-RM09 = D(DATA=G-_OeCbK.UP=G'ATEIO)

FF-RM025

FF-RM041
FF-HM057

G-AIEI1 =
FF-RMOlO

FF-RMO26

FF-RMU42
FF-RMOS8

G-ATE12 =

FF-RMQII

FF-_MO27

FF-RMO43

F_-R_059

G-ATE13 =

FF-RMOI2

FF-_M028

FF-_044
FF-_MO60

G-AIE14 :

FF-R_U13

= D(DA_A=G-TTleCbK.UP=G'ACEIO)

= D(DA¢A=G-Y$2,CbK.UP=G'ACEIO)

= D(OA_A=G-T_3_CbK.UP=G-AT_IO}

AND(G-BMUbTIO_ G-_E)
= D(DA¢A=G-TTO_CbK.UP=G-ATEll)

= D(DATA=G-T_l_C_K.UP=G'A_Ell)

= D(DA_A=G-T_2_C_K.UP=G'AT_11)

= D(DATA=G-T_3_C_K.UP=G-ATEll)

AND(G-BMUb¢lle G-_E)
= D(DAZA=G-T_O_CbK.UP=G-ATE12)
= D(DATA=G-TTl_C_K.UP=G-ATE12)

= D(DATA=G-T_2_COK.UP=G-A_E12)

= O(DATA=G-TT3_CLK.UP=G'AT_12)

AND(G-BMUbTI2e G-*E)

= D(DATA=G-TTO_CG_.UP=G-AT_13)

= D(DATA=G-TTI_CbK.UP=G'ATE13)
= D(DATA=G-TT2wCbK.UP=G-AT_13)

: O(DATA:G-TT3wC&K.UP:G-AT£13)

AND(G-Bt4UbII3_ G-*E}

= D(DAtA:G-TTO,CbK_UP:G'AT[14) 108



FF-RM029

FFoRM045

FF'RM061

G'AIEI5 =
FF-_M014

FF-RMO30

FF-RM046
FFIRM062

FF-_MO15

FF-RM031

FF-_047
FF-RM063

= D(DAZA=G'TZI,CbK.UP=G-AZE14)

m D(DATA=G'ZT2,C&K.UP=G'AT£1_)

= D(DATAmG-TT3pCLK.UP=G-ATE14)

AND(G'BMULTI4e G'WE)

= D(DATA=G-TTOeCbK.UP=G-ATEIS)
= D(DATAmG-T_I,C_K.UP=G-ATE15)

= D(DATA=G-TT2pC_K.UP=G-ATE15)

= D(DATA=G-TT3,C_R.UP=_-ATE15)
AND(G-BMUbT15_ G-_E)

= D(DATA=G'II0,CbK.UP=G-ATEIB)

= D(DATA=G'TTltCGK.UP=G-ATElb)
= D(DATA=G'TT2,C_K.UP=G-ATEI_)

= D(DATA=G-TT3_C_K.UP=G-AT_lb)

S END CHIP S

TABLE 31 (CONT'D)
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$ CHIP D_FINITIO_ $

TYPEI

FAMIb¥|

POmE_:

DESCRIPTION:

UNUSED PINS:

AM.2902

VCC = P'16e GND _ P-B

LOOK-AHEAD CARHY GENERATURS,

NONE

FUNCTION_:

G-CN* = NOT(P-13)

G-CXO = ANVCP-3, G-CN °)

G-CXI = AND(P-4a P-3)

G-CNXCP-12) = NOR(G-CXO, G-CXI)

G-CYO = ANDCP-2p P-l)

G'CYI = ANO(P-4e P'le P'3)

G-CY2 = AND(P-I, P-3e G-CN*)

G-CN¥(P-II} = NO_(G-CYO, G-CYI, G-CY2)

G-_3 : ANDCP-15e P-14}

G-Z2 : AND(P-2, P-14, P-I}

G'Z% : AND(P'4, _'14, P'l, P'3)

G'ZO : AND(P'I4w P'le _=3, G'CN °3

G-CNZCP'9) = NGR(G'ZO, G'ZI, G'Z2, G-ZJ}

G'_3 = AND(P'6e P'5}
G'¥2 = AND(PI15, P-5, P'14)

G-_I = AND(P-2, P'Sw P'14p P-l)
G-YO = AND(P'Se P'14p P'I, P'])

G-_(P-IO) = OR(G'YOe G-_I, G'Y2, G-Y3)

G'X(P-7} = QR(P'b, P'15, P'2, P-4)

$ END CHIP $

TABLE 32 l I0



APPENDIX B

CPU CARD CHIP LIBRARY iN BLI_

Ill



MODULE TC$113ClanouageC%ollss36(DlissJb) %bllss32(bllss32)),

addressing.mode(external = lonq.relative,

nonexternal = lonq.relatlve) ) =

%( moaule tcs )%

"RT_E_T.R32"_

GLOBAL ROUTINE" _CI13(CLt,_t,JI,Pt,OI,_I_,GND,Q2B,O2,

PR,JR,KR,CL2,J) ; novalue =

BEGIN %( routlne tctt] )%

O*N 3,R;

$,ITCHES NOOPTIMIZE;

$ CHIP • DEFINITION $

TYPE= 54-&3-113

FAMILY= TTL

PO,KRI VCC = P-t4,

DESCRIPTION: DUAL GATED d -

UNUSED PINS= NON_

GND = P'7

K FLIP-FLOP,

FUNCTIONS:

S : "1; FF32(S,5,S,.{_l,,OIB);

_A_D4(S,.PI,.OIB,.JI,.CLI);

_AND3CR,,OI,.KI,.Cbl)_

fF32(,Pl,$,R,,Ol,,OIB);

FF-A(P-5, P-B) = J'K (PRESET=INV(P-4)

J=P-3

K=P-2
CbK.UP=P-t)

3 = "t; FF32(S,S,_,.Q2,.Q2B);

NAND4(5,.P2,.O2B,,J2,.C&2);

_A_D3CR,.O2,.K2,.CL2);

FFj2(.P2,S,R,._2,.02_)_

FF-b(P-9, P-8) = d-_ (PHE_ET=INV(P-tO)

TABLE 33
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J=P'11

K=Pqt2

CLK.UP=P-13

$ END CHIP $

END %( rou_lne tclt3 )9;

! NOTE=

!

!

END ELUDOM

SOURCE DATA - "THE TTL DATA BO0_

FOR DESIGN ENGINEEHS",

SECOND EDITION

TABLE 33 (CONT'D)
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MODULE TC$151(ianquage(%bllss36CbliSs36) %bLlss32(Dllss32)),

addressing.moDe(external = 1onq.re1_Xve,

nonexternal = 1onq.reZative) } =

%( moau_e tcs )_

"RTNEST,R32"I

GBOBA6 ROUTINE TCI51(ZJeI2,11,10,Y,*,_TROUF;,GND,C,B,

A,_/,Ib,_5,14,j) : novalue =

8_GIN %( routine tc_51 )_

bOCAL 0 : vector!8],
STBeIA,IAB,IB,IBB,IC,ICB_

I $ CHIP DEFININITION

!

! TYPE: 54-S.151
!

FAM_LY_ TTL
!

! POWER; VCC
!

[ DESCPIPIIONI 1 -

!

[ UNUSED PINSI NONE

!

! FUNCT1ONSI

!

= P-lbp G-ND = P-8

OF " 8 DATA SELECTORS/

MULTIPbEXERS,

i

INV(IAB,.A)_ INV(IAeIAB)_

G'IAB = NUT(P-11)

G-IA = INV(G-IAB)

INVClBB,,B)_ INV(IB,I_B)_

G-IBB = NOT(P-IO)

G-Ie = INV(G-IBB)

INV(/CBp,C)I LNV(IC,ICB)I

G-ICB = NOT(P-9)

G-IC = INV(G-1CB)

INV(STB,.STROBE)$

G-STB = INV(P-7)

ANDS(O[O3,,IO,STB,IAB,IBB,ICB)I

G-O0 = ANDCG'_TBe P'4, G'£ABe

ANDS(O[I|,,IIw_TB,1A,I_B,ICB}I

G-O_ = AND(G'STB, P'3, G'IA,

ANDS(OL2]w.I2,STB,IAB,IB,ICBJ_

G-IBB,

G-IBBp

G'ICB}

G-ICB)
TABLE
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. G'02 = AND(G'_T6, P'2p G'_AB, G-IBp G'ICB)

AND5(OL3]w,13,$TBwlA,IB,ICB);

G-03" = AND(G'_TB, P'tw G'IA, G'_B, G'ICB)

ANUS(OE4J,,I%,STB,1A_,IBB,IC);

G-04 = AND(G-_TB, P'lS, G-IA_, G-IBB, G'IC)

ANDS(OLSJ,,Ib,_TB,IA,IBB,IC)_

G-05 = AND(G"STB, P'14, G'IA, G-IBB, G'IC)

AND5(O_6J,,Ib,STB,IAB,IB,IC};

G'O6 = AND(G'_T6, P'IJ, G'IAB, G'IB, G'IC)

AND5(OL7Je,I7,_TB,_A,IB,IC];

G'07 = AND{G'STB, P'I2, G'IA, G'I_, G'IC)

OR8(STB,U];

,_ = NOT ,STB2

G-W{P-6) = N_M(G'00, G'UI# G-U2, G'O3, G'04,

G-OS, G-O_, G-OV)

£NV(,Y,,.);

G'Y(P'5) = INV(G'W]

$ END CHIP $

ENO %( routine tC15! ]% ;

END ELUDOM

NUTE: _UUHCE _ATA - "THE TTL DATA B_OK

FOH DESIGN ENGINEERS",

_ECO_D EOIT_ON

%( MODULE TC_151 ]%

TABLE 34 (C0NT'D)
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MUDULE

reauJre

TCSlSl(languaqe(%bliss3b(bliss3b) %o1. iss32(bliss_2}),

aOaressinq_mooe(external = iono.relative,

non_xternai = lonq_re_ative) ) =

_( moaul_ tcs )_

°MTNFS_.R32"_

A,ZTtTh,Z5,T4,J) : novalue =

n_IN %( routine tclSl ]%

LGCAL q : vector[8],

. S CHIP DE_'T_IaI_TOg
!

TYPE! 54_bS_151

!
FAM£L¥: TTL

!
e

! PUWEP: VCC
!
e

! DESCRIPTION: 1 -
!

! IINTI_ED P.IN_: NU_E
I

! TUNC_I_NS:
!

= P-tb, G-_wD = P-@

Oh - e DATA _L_TUR_/

_UL_TPLEXER5°

INVCIA_,.A)_ INVCIA,IAB)I

_-IAF = NOT(P-11)

INVC/BB,,B)_ INVCZB,IB_)_
r-tBB = NOT(P-IU)

C-T_ = iNV(G-ZBS)

iNV(LC_,.C)I 1NV(IC,TCB)_

G-ICB = NOT(P-q)

G-TC = INV(G-ICB)

INV(STb,._PURE);

ANUS(_[O],,IO,3TB,IAB,IBb,ICb};
C-O0 = AND(G-3TB, P-4, G'£A_,

AND_L_[TJ,,II,@Tb,IA,I_,ICB);

ANUSCO[_J,.I2,3Tb, IA_,In,TC_)_

G-IBB,

G-LBU,

G-IC_)

G-TCB)

TABLE 35
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G-O2 = AND(G-STb_ P'2, G'IABw G-IB, G'ICB]

AND5(OLJJwtZJ_TBeIAwIBwICB]_
G-03 = AND(G'_TBe P'le G'LAp G'IB, G'ICB)

AND5(OL4Jw,I4,STBw_A_,IBB,[C);
G-04 = AND(G'_TB, P'15, G'IAB, G-[BB, G'IC]

ANP5(O[5}w,I5eSTBwIA,I_B,IC};

G-05 = AND(G-STBp P'I4w G-IA, G-IBBp G'IC)

AND5(O[6Jw,16,STB,IABwIBeIC];

G-Oh = AND(G-STbe P't3e G'IABw G-IBt G'IC)

ANDS(OC7J,,IT,STB,1ApIb,IC);

G-O7 : AND(G-_Tbw P'12, G-IA, G-&H, G-IC)

ORb(STB,O];

,W = NOT ,STB;

G-W(P-6} = NOR(G-UOt G'01, G'O2w G'O3e G'O4e

G-Ob_ G-Oh, G-U7)

INVC,Yt,_];

G'YCP'5} = ZNV(G-W)

$ END CHIP $

END _( routine tC151 ]_ ;

! NUTE| _UU_CE I_AIA - "THE ITb DATA BOOK

FOR DESIGN _NGIN_ER_"w

| _ECOND EDITION

EbUDOM _( MODUbE IC_151 }_

TABLE 35 (CONT'D)
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MODU&E

BEGIN

TCS153(lanquage(_bliss36(bllSsJO) tDliSSJ2(OllSS32))p

addressing.mode(external = long.relative,
nonexternal = lonq.relat_ve) ) =

_( moduie tcs )_

requlre "RTNEST,R32";

_ACRO ORR4(R,I1,12,13.14,d] =

P=(.II OR ,12 OM .lJ OR .14) FAND(J,O)

FOBR(J,1]%;

GbO_A_ ROOYINE TCI53(G1,_,IIJ,II2,II1,IIO,R1,GNDeM2,120,

121,I22,123,A,G2,d) : novatue =

BEGIN _( routine _c153 )9

LUCAL 5BA_,IA,Ia6,Ib,I_boUI,02.03,04;

$ CHIP

TYPE:

FAMIBI:

POWERI

DESCRIPTION=

UNUSED PINS:

DE_INI_IU_ $

54.b3.153

TTb

VCC = P-lo, GND = P-8

DUAb I OF 4 OAIA S_LECTOHS/MUbIIPb_X_HS.

NONE

FUNCTIONS:

INV(3BAR,.GI); INV(IAB,.A); INV(IA,IABJ;

G-SBARA = INV(P-I]

G-IAB = NOT(P-14)

G-IA = INV(i;-IA_)

INV(1BB,.B); INV(IB,IB_);

G-IBB = NUT(P-2J

G-IB = INV(G-IB_)

AND4(OI,&BAR,IAB,IBB,.110];

G-OIA = AND(G-SBAHA, P-o, G-IAB, G-IBB]

AND4(O2,SBAR,IA,iHb,,III);

G-O2A = AND(G-SbARA, P'5, G-IA, G-IBB)

AND4(OJ,SBAR,IAB,I_,,I12);

G-O3A = AND(G-_BAHAp P-_, G-IAB, G'1B)

ANO4(O_,bBAR,IA_iB,,I13);

G-O4A = ANO(G-5_AHA_ P'3, G'IA, G-IB)

URR4(.R1,Gi,02,0_,O4);

118
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G-,RI(P-7} --OH(G"UIAe G,.U2Ap G"O3Ae G"O4A)

1NV(SBARp,G2}I

G'SBAHB = INV(P-15)

AND4(OIe_BAR,IAB,IbBp,I20);
G-OIB = AND(G-$BAHB_ P'IO, G-IABp G-IBS)

AND4(O2,SBAR,IAelBb,,I21)_

G-O2B = AND(G-BBAHB, P-11, G-IA, G'IBB)

AND4(O3,3BAR,IAB,IB,,I22)I
G'O3B = A_D(G'SbARB, P'12, G'IAB, G'I_)

AND4(O4wSBARoIA,1Bw,123);

G'O4B : AND(G'SbAHBe P'13_ G'IA, G'IB)

ORH4(,R2,01,02,03,04);
G'R2(P'9) = OR(G'U1B, G-O2B, G'O3B, G'O4B)

$ END CHIP S

END

END

_( HOUTINE ¢C153 )_ 2

NOTE: SOURCE DAIA - "THE TTb DAIA BOOK

FOR DE3IGN ENGZN_KH_",

SECOND EDITION

ELUDOM

TABLE 36 (C0NT'D)
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NODULE

8EGIN

requlre

TCS158(lanquage(_bliss3_CbllSS3b) _bl_SSJ2(bllssJ2))w

addressing.mode(external = lonq.relatlvep

nonexternal = lonq.relative) ) =

1C moauLe tcs )_

°RTN[SToR32*2

ROUTINE TC158(_wAI,BI,_I,A21B2eY2pGND,¥3,b3*AJl

¥4,B4eA4wG_J) : novalue =

_( rout%ne tc158 )_

LOCAL A,BwCtD;

$ CHIP DEFINIIION S

! TYPE: _4.bs.15s

!
i FAMILY: T_L

!
! POWER| VCC
I.

! DESCRIPTION_ OUAD

!

! UNU3ED PINS: NONE

!

FUNCTIONSI

= P'l_p GNO = P'8

2"LINE TO t-LINE OATA

SEL_CTOHS/MULTIPbEXERS,

INV(A,,3];
G'SB = NOT(P'I)

NOR(BwAe,G);
G-S¥ = AND(1NV(G'SB)p

NOR(Aw,S_,G);

G-SX = AND(INV(_-I]e

ANDRCCp,A1,A);
G-At = AND(P'2e G-SX]

ANDRCD,,BI,B);
G-B1 = ANDCP'3, G'S_)

NQR(,II,CFD)I

G-OI(P'4] = NOR(G-AI_

ANDR(Cw,A2pA);
G'A2 = ANU(P-5e G-SX)

INV(P-15)

INVCP-15))

G-BI]

TABLE 37
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_.NDE (D p .B2,_] ;

G'B2 = AND (P"O w G.'S _" )

NUR(o¥2eCwD)
G'O2CP'7] = NUR(G'A2p G-B2]

ANDR(C,.A3,A];
G-A3 = AND(P-11_ G-_X)

ANDk(De,B3eb)/
G-B3 = AND(P-lOp G-BY)

NURC,¥3pCtD)I
G'O3{P'93 = NUR(G'A3 p G"B 3 )

ANDRCCw,A4,A]I

G-A4 = ANDCP'14w G-GX)

ANDR(D,,B4,B];

G-B4 = AND(P'13e G-_¥)

NOR(,_4,C,D)I

G-O4(P'12) = NORCG-A4w G-_4)

END t( ROUTINE TCtb8 )t I .

$ END C_IP $

!

!
!

EitD

EbUDOM

NOTE= 5UUECE DATA - nTHE TTb OATA BQUK

FOR DESIGN ENGINEERSap

_ECOND EDI'[ION

TABLE 37 (CONT'D)
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MODULE

B[GZN

TC169(languaqe(_blLssJ6(bllss36) _blLssJ2(bl/ss32)),
addressLnq.mode(external = lonq.relatLve,

nonexternal = lonq.relatLve) ) =
q( module tcs )_

reouLre "RTNEST,R32#I

GbOBAb ROUTINE TC169(UD,CK,IA,IBeZC,ID,EPBAR,K,bOAD,ETBAR,

OD,OC,QB,OAeRCO,J) : _ovalue =
BEGIN t( rouCLne tC169 )q

OWN
OWN

CbOCKeUDIp&B,LeEP,ETwCOUNT,C1,C2,C3,C4pIl,I2pZ3,I4;
A,B,DtwO2wD3,D4;

S CHIP DEFINITION S

le •

TYPEI 54.bS.169

FAMILY: TT&

POW[RI VCC z P-16, GND = P-8 "

DESCRIPTIONS SYNCHRONOUS 4-BiT UP/DOWN COUNTER,

UNUSED PINS: NONE

FUNCTIONS:

BUFCCbOCK,,CK}I INV(UDI,,UD);
G'CK = NOTCP'2)
G-UDI = NOT(P-l)

INV(LBp,LOAD);
G-LB _ INVCP'9)

INV(I,,r.B) ; INVCEPw,EPBAR) ;
G-L : NOT(G'bB)
G'EP : INVCP-7)

INVCETe,ETBAR);
G'ET : INV(P'IO)

COUNT : AND3(.&GAD,EPwET);
G-COUNT : AND(P'ge G-EP, G-_T)

A : NOT ,UDI;

CI : (NOT(ANDFCUDI, ST[,K]) OR ANDFCST[.K+t], A)));

G'OA% : AND(G'UDIo FF-A)
C'OA2 : ANDCINV(G-UDI), FF'A')
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! G"CI = NOR(G"QAI, G-QA2)

A = NOT ,UDI;
C2 = (NOTCANDF(UDI, ST[,K+2]) OR ANDK(3T[,K+3], A))];

G-OBt = AND(G_UDIw FF_B)

G°QB2 = AND(INV(G'UDE)w FF'B')

G-C2 = NOR(G-OB1, G-_B2)

A = NOT .UDI;
C3 = (NOT(ANDF(UDI, ST[,K+4]) OR ANDF(3T[.K+5], A)));

G'QC1 = AND(G'UDI, FF'C)
G'OC2 = AND(INV(_'UD£)w FF'C')

G'C3 = NQR(G'QC1, G'QC2)

A = NOT ,UDI;
C4 = (NOT(ANDFCUDIe 3T[.K+b]) UR ANDFC3T[.K+7], A)));

G'QD} = AND(G'UDI, FF_DX)

G-QD2 = AHD(INV(G'UDZ), FF'OX e)

G'C4 m NOR(G'QDIt Ge_O2)

[NV(AeCQUNT);
ANDR(BeCUUNTeST[.K+tJ);

G-A = NOT(G-COUNT)
G-AB = AND(G'COUNT_ FF-A')

D1 = (AND3(ST[.K], Aw L) OR .B OR ANDFC,ZAwL_ ))$

G'AA : AND(FF'A, G'A, G'b)

G-IA = AND(G'LB, P'3)

G-D1 : OR(G'AAe G-ABp G-[A)

NAND(AeCOUNTeC1):
8 : AND3(C1,COUNT,ST[,K+3]):

G_8 = NAND(G'COUNTe G_CI)

G_B = AND(G'COUNTe FF-B'e -G'C1)

D2 =-CAND3(3T[,K+2], A, b) OR ,8 OR ANDF(,IB,GB ))_

G-BA = ANU(FF-Be G'_e G-G)

G-IB = ANDCG°GBe P'4)

GtD2 = OR(G'RAw G'R_e G-_B)

NAND3(ApCOUNT,CI_C2);
AND4(BpCOUNT,C2,C1,ST(.K+5])I

G-C = NAND(GoCOUNTe G'CIe G-C2)

GoCB = ANDCG-CQUNT, FF_C* G-CI, G-C2)
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D3 = (AND3CST[,K+4], Aw L) OH ,B OH ANDF(,ICpLB ))1

G-CA = AND(FF-C, G-Cw G-L)

G-IC s AND(G-LB_ P'5)

GeD3 = QRCG-CA, G°CBe G'IC)

!

NANO4(AwCOUNTwCleC2oC3)I

AND5(BpCOUNTeC3pC2eCIpST[eK+7])I

G-DX = NAND(G'COUNT, G-CI_ GsC2p G-C3)

G-DB = AND(G-COUNT, FF-DX'p G'CI, G'C2, G-C])

D4 = (AND3(ST[,K+6Je Ae b) QR ,B OR ANDF(,ID_LB ));

G-DA = AND(FF-DXf G-OXe G-L)
G-ID : AND(G-LB, P-6)

G-D4 : OR(GoDAp G-Oh, G-ID)

NANDS(,RCQ,ET,CI,C2eC3,C4)i

G-CO(P-15) = NANO(INV(P-IO), G-CI, G'C2, G-C3, G-C4)

A = (,DI AND ,CLOCK) OH (,$T[,K| AND /COT ,CLOCK);

BUF(ST[,K]e A);

INV( (ST [,K+t..] ) e A);

FF-A(P-14) = D(CLK.UP=G-CKp
DATAaG-D1)

A = (,D2 AND tCLOCK) OR (,$T[,K+2] ANO NOT ,CLOCK);

_UF(ST[,K+2], A);

INVCCST[,K+3])e A);

FF'B(P'13) = D(CLK.UP=G-CK,

DATA=G-D2)

A = (,D3 AND ,CLOCK) OH (,ST[,K+4] AND NOT ,CLOCK);

8UFCST[,K+4]e A);

INVC(ST[,K+5J)e A);

FF-C(P-12) = D(CLK.UP=G-CKp
DATA=G-D3)

A = (,D4 AND ,CLOCK) QR (.$T[,K+b) AND NOT ,CLOCK);

HUF(_T[,K+6], A);
INV(($T[,K+7])p A);

FF-DX(P-11) = D(CLK.UP=GoCK,

DATA=G°D4)

S END .CHIP $
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,QA = ,ST[.K]; ,OB = .$T[,K+2]I ,OC = ,ST[.K+4];
,QD " ,STIr,K+6]

END t( routine _.c169 )_;

NOTEI SOURCE DATA " "ZHE TT_ OAZA BOOK
FOR DESIGN ENGINEERS",
SECOND EDITION o-
RE-ORA_N FOR CbARIT¥

END EbUDOM

TABLE 38 (CONT'D)
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qODULE TC175(languaqe(tbllss36(bllSS36) %bllSS32(_llssJ2))p
addresslnq.mode(external = lonq.rela_tve,

nonexternal = lonq.rela_lve] ) =
BEGIN %( module _CS )%

require "HTNEST,R32"I

GLOBAL ROUTINE TC175(CLEARpO1,QIB,DtpD2,O2BeO2_Kp
CLOCKeQ3,OSB,D3,D4wG48eO4tJ) | novalue =

BEGIN %( routine t¢175 )%

O*N CLBwCLReApBI

$ CHIP DEFINITION $

TYPE:

FAMILY=

POWER|

DESCRIPTIONZ.

UNUSED PINS=

FUNCTIQNSS

54_LS.175

TTL

VCC = P-16F GND =

QUAD D-TYPE FblPtFLOP$

NONE

P,,8

8UF(CL8e,CLOCK);
G-CLK=NOT(P-9)

INV(CLRe,CLEAR);
G-CbR=NOT(INV(P-I))

$T[,K] = (,,DI ANO ,CbB) OR (,ST[,K] AND NOT ,CLB)_

ST[,K] = ,STI,K] ANQ NOT ,CLRI

.Q1 = eST[tK]7
,QIB : NOT .ST[tK]_

FF'Q1(P'2,P']) = D(CLgAR=INV(GoCLR)e
DATA=P'4,
CLK.UP=INV(G-CL_))

ST[tK+2] = (,,D2 AND ,CbB) OR (,$T[,K+2J AND NOT ,CLB)!

ST[,K+2J = ,$T[,K+2] AND NOT ,CbRt

.Q2 = ,ST[.K+2]I
.G2B = NOT-.ST[,K+2];

FF-G2CP-7,P-6) = D(CL_AR=INVCG-CLR)e
DATA=P-5e
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END

¢LK.UP=INV(G-CbK))

ST[,K+4] = (,,D3 AND ,CbB) OR (,ST[.K÷4] AND NOT ,CLB)I
STCoK+4J = ,6TCoK+4J AND NaT eCLR/

,Q3 = ,3T[.K+4]I

t_3B = NOT ,STC.K÷4];

VF-G3(P-lOeP-11) = D(CL_AR=INV(G-CLR)r

DATA=P-12t
CbK.UP=INV(G-CLK))

STC.K+SJ = (o,D4 AND ,CLB) OR (.ST[.K+6] AND NOT ,CGB)I
ST[oK÷6] = ,ST[.K÷6] AND NOT tCbR_

,Q4 = ,ST[,K+6];

.Q4B = NOT .ST[oK÷6Jl

FF'G4(P'tS,P'14) = DX(CLEAR=INV(G-CbR),

UATA=Pql3w
CbK.UP=rNV(G-CLK))

tC ROUTINE TC175 ]t;

$ END

NOTE=

CHIP $

SOURCE DATA - _THE TTb DATA BOOK

FOR DE3IGN ENGINEER3"e
3ECOND EDITION

TABLE 39 (CONT'D) .:
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WODULE

BEGXN

require

_AC_O

TC253(1anquaqeC_bllss3bCbllss36) _DLlss32(bllss32))p

addresslng.moUe(external = lonq.relaCive,
nonexternal = lonq_relative] ) =

_( module tcs )_

"RTNE_T,R32*;

ORR4(R,/I,12,13eI4,J) =
R=(,I1 OR ,12 OR ,13

FORR(J,I]_;

OR .14) FAND(j,OJ

GLOBAL ROUTINk TC253(GI,B,II3,112,111,IIO,RI,GND,E2,120,

121,122,123,A,G2,J) : novalue =
BEGIN _( rouClne tc253 )_

LOCAL SBAR,IA,IAB,IB,IBB,UI,O2,U3,O4,UUT;

! $ CHIP I)E_'It_ITION S

!

TYPE: 54.bS.253

FAMIUI: TTL

POWER; VCC = P-lb, GND = P'8

DESCRIPTION: DUAD 4-bIiwE-TU-l-blNE DATA

@ELECTOR3/MUbTIPbEXERS

WIIH 3-STATE OUTPUTS,

IJNUSED PINSl NONE

! FUNCTIONS:

!

INV(S_AR,.GI); INV(IAB,.A]_

! G-SBA_I = INV(P-I)

! G-IAB = NOT(P-14)

! G-IA = INV(G-IAB)

b

INV(IBB,.B]; INV(IB,I_B)_

G-IbB = NOT(P-2)

G-I_ = INV(G-IBU)

AND4(O%,SBAR,IAB,IBB,.II031

G-OIA = A_DCG-SBAHI,

TABLE

INV(IA,IAB);

P-b, G-LAB, G-IHB)
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AND4(02 eSBAE4, IA, IBBe .Ill];
! G",O2A -" AND(G'SBAHle P'S, G-,[A, G-IBB)

AND4(O3wSBARw£A_pIBt.112);
G'O3A = AND(G'SBAHIw P'4w G'IABe G'IB)

AND4(O4,SbA_,lApIB,.I13}:
G-O_A = AhD(G'8_A_le P'3, G-IAp G-IB}

ORR4(OUTwUlpU2t03,O4);

eRl= (,OUT OR NOT ,_BAR)I
GTS-Iy(P_7) ¢ OH(G-OIAp G-O2A, G-O3A, G-O4A); DIS_bOW(G-_MARI

INV(SbAR,.G2};

G-SBAH2 = INV(P-Ib)

AND4(OIwSBAk,IAB,IBB,,120};

G-OIB = AND(G'SBAE2, P'tO, G-IAB, G'IBB)

AND4(O2,SBAH,IA,IBBe,12131

G'O2B = AND(G'SBAR2t P'11, G'IA_ G'IBB)

AND4(O3,SBAR,IA_,IB,.122};

G=O3B = AND(G'SBAR2, P'12, G'IAB, G'IB)

AND4(G41SBARpIA,IBp,123}_

G'O4B = AND(G'SBAR2, P'14, G'IAe G'_B}

ORR4(OUT,01,02,03,04};

.R2= (.OUT OR NOT ,SBAR)I

GTS'2¥(P'9) = OR(G'UIB, G-O2B, G-O3B, G'O4B}_

S END CHIP $

DIS.bO_(G-SBAR2

NOTE: SOURCL DAIA - mTHE TTb DATA BOOK

FOR DESIGN ENGINEEHSnw

_ECOND EDITION AND

bOGIC DIAGRAM ATTACHED.

END _( routlne tc253 )_

END

EbUDOM
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_ODULE

BEGIN

TC273(lanquaqe(3bllSS36(bllss36) _bllss32(bllss32))p
address_nq.mode(external = lonq.relat_ve,

nonexternaZ = Zonq.relatSve) ) =
_( moduZe tcs )_

require WRTNEST,R32Wl

GLOBAL ROUTINE TC273(CLEARwQ1wDIwD2eQ2wQ3,DJwD4pQ4,K_
CLOCK_QSwDSwD6_Q6pQTeDTwD8eQgpJ) I novalue =

BEGIN q( routlne tc273 )q

LOCAL CLBwCLRpAeB_

$ CHIP DEFINITION S

.1
!

!

!

!
I

!
!

TYPEI

FAMILY:

POWER!

DESCRIPTION|

UNUSED PINSI

54.bS.273

TTL

VCC = P"20, GoND = P-IO

OCTAL D-TYPE FLIP-FLOPS,

NONE

FUNCTIONS8

BUF(CbBp,CbOCK); INV(CLR_oCbEAR)7

G-CLB z NOT(P-II)
G-CbR : NOT(INV(P-1))

A z (,,D[ AND ,CbB) OR (oSTE,KJ AND NOT ,CLB);
INV (Bw CbR)I A = ,A AND ,B;
BUF ($T[,K]w A);
INV ((ST[,K]+_UPVAb)p A)_

BUF(oQ%wST[_KJ);

FF-DI(P-2) = D(CbEAkclNV(G-CLH)e
DATA=P-3_
CLK.UP=INV(G-CLB))

A = (.,D2 AND ,CbB) OR (_ST[oK+2] AND NOT ,CbB);
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INV (Sp CLR)! A = .A AND .B!
BUF (STL.K+2], A);

INV ((ST[.K+2]+%UPVAL), A))

BUF(.O2eST[,_÷2])I

FF'D2(P'5) = D(CLEAH=INV(G'CLR)e

DATA=P-4p
CLK.UP=INV(G-CLB))

A = (,oD3 AND oCLB) OH (,ST[,K÷4] AND NOT ,CL_);

INV (Bw CLR)I A = ,A AND ,El

BUF (6TL,K+4], A);

INV ((ST[,K+4J+tUPVAL)e A)_

BUF(,Q3eST[,_+4])_

FF-D3(P-6) s D(CL_A_=INV(G-CLR),

DATA=P-7,
CLK.UP=INV(G-CLB))

A m (,,D4 AND ,CbB) OR (,ST{,K+b] AND NUT ,CLB);

INV (B, CLR)I A = .A AND .B;

BUF (ST{.K+6], A);

INV ((STC.K÷6]÷tUPVAL)e A)_

BUF{oQ4eST[,K+6]);

FF-D4(P-9) : D(CLEAR:INV(G-CLH),

DATA:P_8,
CL_.UP:INV(G-CL8))

A m (..D5 AND .CLB) OR (.ST[.K÷EI] AND HOT .CLB)$

INV (Be CLR)I "A : ,A AND .S;

BUF (_T[,K+8]e A)I

INV ((ST[,,K+8]+%UPVAI,), A);
BUF( ,QSFST [,X+8] ) ;

FF-D5(P-12) : D(CLEAR=INV (G-CbR,
DATA:P'13 e

C[,K.UP:INV (G-CLB))

A : (,,D6 AND ,CLB) OR (,3T{,K+%OJ AND NOT ,CLB);

INV (B e CLR)I A : ,A AND ,B;
BUF (5T[,K+IO]e A)!

]NV ((ST[,K+IO]+%UPVAL), A);

BUF(,Q6eST[,K+IO])_

FF'D6(F'15) : D(CLEAR:INV(G-CLR,

DATA:P'I4p

CL_.UP:INV(G-CLB))

A = (eeD7 AND ,CbB) OR (,ST[,K+I2J AND NOT ,CLB)I

INV (B, CLP)I A z ,A AND ,B;

BUF (ST[.K+I2]e A)_
INV ((ST[.K÷t2]+t_PVAL), A);

BUF(._7,ST[,_+12])I

FF-D7(P-16) : D(CLEAR:INV(G-CLR,

DAZA:P-17,
CLK.UP=INV(G-CL8))

A : (,,D8 AND ,CLB) OR (,ST[,K+14] AND NOT ,CbB);
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INV (B e CbR); A = ,A AND ,Bt
BUF (ST[,K+I4]e A);

ZNV ((ST[,K+14]+_UPVAb)e A);

BUF(,QBwST[,_+143);

FFoD8(P-19) = D(CLEAR=INV(G-CLRe
DATA=P-18,.

CLK.UP=INV(G-CL8))

END t( routlne tc273 )_1

l $ END CHIP $

NOTEI SOURCE DATA - "THE TTb DATA BOOK

FOR DESIGN ENGINEERS",
SECONO EDITION

TABLE 41 (CONT'D)

132



MODULE

BEGIN

TC352(language(%_llss36(bllSS36) tbllssJ2(bllss32)),

addressing_mode(external = lonq.relaCive,

nonexternal = iona.relative) ) =

%( module cos )_

reaulre "RTNEST,R32"@

MAC_O ORR4(R,II,I2,I3,I4,J) =
R=(,II OR ,12 O_ ,I3 OR ,14) FANO(J,O)

FORR(J,1)%!

GLOBAL ROUTINE TC352(GX,B,I13,112,It1,IlO,R_,GND,R2,I20,

I21,122,123,A,_2,J) = novaiue =
BEGIN t( routine tcJ52 )_

_OCAL SBAR,IA,IAB,I_,IBS,UI_O2,03,04,0UT;

S CHIP DEFZN f.T!O(w $

TYPE=

FAMILY:

PUWER|

DESCRIP¢ION=

UNU3ED PINS=

54.b8.352

TTb

VCC = P-IO, GND = P-8

DUAb 4-bINE-¢O-I-LINE DATA

3ELECTOR@/MUbTIPLEXERS,

NONE

FUNCTIONS;

INV(3BAR,,GI);
INV(IAB,,A+2);

INV(1A,IAB+4);

G-SBARt = INV(P-I)

G-IAB = NOT(P-14)

G-IA = INVCG-IA_)

INV(IBB,,B);

INV(IB,IBB);

G-IBB = NUT(P-2)

G-IB = INV(G-IB_)

AND4(O1,SHAR,IAb,IB_,,IIO);

G-OIA = AND(G-S_ARI, P-b, G-IAB, G-IBB)
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AND4(O2wSBAReIApIBBw,I11)$

G-O2A = AND(G'BBA_Ip P'5, G'IA, G-IBB)

AND4(O3,SBAHeIAb,IBe,II2)$

G-O3A = AND(G-SBARIw P'4t G-IAB, G'IB]

AND4(O4,SBAR,IA,IB,,113]I

G-O4A = AND(G-_BARIt P-J, G-IA, G-IB]

OHR4(OUT,01,02,O3,04];

,M1 = NOT ,OUT;

G'OUTI(P'7) = NURCG'OIA, G'G2A, G-O3A, G'O4A)

INV(SBAR,,G2)I
G'SBAR2 = INV(P-15)

AND4(O1,SBAR,IAB,IBB,,120)_

G-OIB = AN.D(G-SBAH2, _-I0, G-IA_, G-IBB)

AND4{O2,$BAR,IA,IBB,,121)_

G-O2B = AND(G-SBAH2w P-11, G-IA, G-IBB)

AND4(O3,SBAR,IAB,IBo,122)I

G-O3B = AND(G-SBAR2e P'!2, G-IAB, G-IB)

AND4(O4,SBAR,IAwIBw,12J)_

G-O4B = AND(G-SBAE2_ P'13, G-IA, G'IB)

ORP4(OUT,UI,02,O3,O4};

,R2 = NOT _OUT;

G'OUT2(F'9) = NUR(G'OIB, G'O2B, G'O3B, G'O4B)

$ END CHIP $

END %( routine tc352 )% I

NOTE: 8OUHCE _AIA - "IHE IT& DATA BQUK

FOR DESIGN ENGINEERS",

SECOND EDIIION

TABLE 42 (CONT'D)
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_ODUL£ TC374(language(tbllss3b(bllss36) tbllss32(bllss32)),
addressinq.moae(external = lonq.relatlve,

nohexteTn81 = lonq.relet_ve) ) =
BEGIN t( mOdULe _¢s )_

require "RTNEST,R32e!

GLOBAL ROUTZNE TC374(UCtOleD%pD2eQ2,03,D3,D4,Q4,Ko
CLOCKpO5,DSwD6wObwOTpDT_OSwOSwJ) : noval_e =

BEGZN _( routine tc374 )_

OWN CLBpOCBpAI

$ CHIP DEFINITION $

TYPE:

FAMILY: -

POWEPI

DESCR£PTION|

UNUSED PINS"

54.bS.374

TTL

VCC = P-20_ GND = P-10

OCTAb D-TYPE TRANSPARENT,
LATCH_$, AND EDGE-TRIGGERED
F_IP-FbOP6 WITH ]-STATE OUTPUTS,

NONE

FUNCTIONS:

BUFCCLBp,CbOCK]; BUFCOCBp,OC);

G-OCB • INVCP-1
G-CbB = NOT(P-11)

STC,K] : (,,DI AND ,CbB) OR (,STC,KJ AND NOT ,C&B)I

FF-01 : D(DATA:P-3,
CLK.UP=G-CLB)

ORR(,Q1,OCB,ST[,K]);
G-OI(P-2] : AND(INV(FF-QI*))I DIS.bOW(G-OCB)

ST[,K+2] : (,,D2 AND ,ebB) OR (,ST[,K+2J AND NOT ,CLB);
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END _( routine t¢374 }_;

$ END CHIP $

NOTE: SOURCE DATA * "THE TTb DATA BOOK
FOR DESIGN ENGZNEERS",
S_COND EDITION

END

EbUDOM

TABLE 43 (CONT'D)
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FF-_2 s D(DATA=P-4p

CLK.UP=_-CLB)

ORR(,Q2e QCB, ST[,K+2J);
G-O2(P-5) _ AND(INV(FF=O2°));DI_-LOW(G'OCB)

STICK+4] = (o,D3 AND ,CbB) UR C,$T[,K÷4J AND NOT ,CLB);

FF-Q3 • D(DATA=P'7_

CLK.UP=G-CLB)

ORR(,O3e OCB, 8_[,K+4])l
G-Q3(P-6) = AND(INV(FF-_3"))IDIS.bG_(G'OCB)

ST[.K+6] = (,,D4 AND .CLB) OR (.$?C.K+6] AND NO? .CLB);

FF=Q4 = O(DATA=P"8,

CLK.UP=G'CLB)

ORR(,Q4,0CB,ST[.K+6|);
G-Q4CP-9) = AND(ZNV(FF-_4*))IDI_.bQw(G-OCB)

STC,K÷8] = (ooD5 AND oCbB) OR (oS¢[.K+8J AND NOT .Cb8)l

FF'Q5 = O(DATA=P't3w

CbK.UP=G-CLB)

ORRC,OSwOCBeST['.K+8])I
G-OS(P°12) = AND(INVCFF-QS"));DIS.LOW(G'QCR)

ST[,K+IO] = (,,DE AND .ebB) OR (,$T[,K÷IO] AND NOT ,CbB)_

FF-Q6 = D(DATAmP-14e
CbK.UP=G-CbB)

ORR(,Q6eOCB,STC.K+IO])I
G-Q6(P-15) = ANDCINVCFF-Qb'));DZS.bOWCG-OCB) _..... :_

ST[,K+12] = (,,D7 AND ,CbS) OR (,ST[.K÷12] AND NOT ,CbB)_

FF'Q7 = D(DATA=P_I?e
CLK.UP=G°CbB)

ORR(,QT,OCB,ST[.K+I2])I
G-QT(P-_6) = AND(INV(FF-Q7"));O_$.LOW(G'OCB)

8T[,K+14] = (.,D8 AND ,CLB) OR (,ST[,K+14] AND NOT ,CLB];

FF=Q8 = D(DATA=P'18,
CLK.UP=G'CbB)

ORR(,QReOCRwST[.K+14])_
G-QRCP-19) = AND(INVCFF-QS"))aOI$.LO(G'OCB)
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MODUbE

BEGIN

TC377(languaqe(_bllss36(bllss36) 3611ss32(bllss32))0
address&nq.mode(external = lonq.rela_tve,

nonexternal = lonq.relatlve) ] =
_( module _cs )t

requlre "RTN[ST,R]2el

MACRO ORR4CR,II_I2,13eI4wJ) =
R=(,I1 OR ,I2 OR oi3 OR ,I4) FAND(J,O)
FOR_(Jel)_!

GbOBAL ROUTINE TC3?7(GBARwQI,DleD2eQ2eQ3,U3,D4,Q4_KP
CLOCKpQS,DSeD6_Q6,QT,OT_DS,Q8wJ) I novalue =

BEGIN _( routine _c377 )_

LOCAL CbBwA,BwC;

S CHIP DEFINITION "$

TYPE!

FANIL¥!

POWER|

D£SCRIPTION:

UNUSED PINS:

25.bS.377

TTL

VCC = P-20e GND = P-IO

OCTAb D-TYPE FLIP-FLOPS,

NONE

FUNCTIONS|

BUF(CLBe,CLQCK)I
B = NOT ..GBAR;
ANDR(C,BpCLB)/

G-CLB = NOTCP'11]
G'B m _NVCP't)

FF'ENBL = DCDATA=INV(G'B]w
' CLK.UP=G'CLB_

CbEAR=INVCG'CLB))

ANOR(SeCeCI, B) I
ST[.K] = (.,D1 AND .B) UR (.ST[.K] AND NOT .B);
.Q1 = .ST[oK] ;
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FF'Q1(Po2) = D(DAZAmP'],

CLK.UPmFF-ENBb)

ANDRCB,C,CbB)/

ST[oK+2J = (,,D2 AND ,B) OR C,8T[,K+2] AND NOT .B)f

,Q2 = ,ST[,K÷2)_

FF'Q2(P-5) = D(DATA=P'4,
CLK.UP=FF_ENBL)

ANDR(B,C,CbB];

SZ[,K+4] = (,,D3 AND ,B) OR (,ST[,K+4| AND NOT ,B);
,O3 = ,ST[,K+4];

FF'Q3(P'6) = D(DAZA=Pu7,
CbK.UP=FF'ENBb)

ANDRCB,CeCbB);
ST[,K+6] ffi (,oD4 AND ,B) OR C,S_[,K+6] AND NOT ,H);
,Q4 • ,ST[eK+6];

FF-Q4(P-9) = D(DACA=P-8_
CLK.UP=FF-ENBL)

ANDR(BeCeCLB) ;

ST[,K+8] = (,,D5 AND oB) (JR (,_T[,K+8] AND NOT ,B)t

,Q5 = ,ST[.K+8]t

FF-Q5(P-12) = D(DAZA=P-13p
CLK.UP=PF-ENBb)

ANDR(8,CwCbB);

8T[,K+IO] = (,,D6 AND ,B) O_ (,ST[,K+IO] AND NO¢ ,B);

,Q6 = ,ST[,K÷IO];

FF'Q6(Po15) : D(DATA:P-14,

CbK.UP:FF-ENBb)

ANDRCBeCeCLB)I ; .... _.

8Z[oK+12] = (o.D7 AND .B) OH (oSTC.K+12J AND NO_.B)_

oQ7 = ,&T[oK÷I2Jt

FF-Q7(P-16) = D(DATA=P'lTe
CLK.UP=FF-ENBb)

ANDRCB,CeCbB)_

8¢[oK+14] = (o.D8 AND .B) OR (,3Z[.K+I4J AND NOT .B);
.O8 • .ST[.K+14]P

FF-Qg(P-19) = D(DATA=P'ISe
CLK.UP=FF-ENBb)

END %( routine tc377 )%;

S E_D CHIP S
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MODUbE

BEGIN

z94oTCianquageC %OllssJ6CbllssJb3 %012ss32(Ollss323),

addressing.mode(external = lonq.re_ative,
nonexternal = long.relative) ) =

%( module t9407 )%

REQUIRE "RTNEST,R32";
GbOBAL ROUTINE TC9407(EXN,IO,[1,12,I3,EOXN,CLKwXO,XI,X2,X3,K,

CON,O3N,D3N,O2N,D2N,OIN,DIN,OON,DON,EOO,CIN,J) I
novaiue =

BEGIN %( routlne tcg407 )%
OWN CLOCK,TSEL,PSEL,I2Be30,Sl,$2,_3,YO,YI,Y2,Y3;

O_N

OWN

MACRO

A,B,C,D,E,F,G,T,PO,PI,P2,P3,GO,G1,G2,G3,CI,X;
CbRwCL_;

AO=ST[.K]%,AI=STC.K+IJ%,A2=ST[.K+2]%,A3=ST[.K+3]%,
BO=ST[.K+41%,Bt=ST[.K_5J%,82=_T[.K+bJ%,_3=ST[.K+71%,
K1=,K+8%,K2=.K+16%,_3=,K+24%;

T =1 "1;

$ CHiP DEFINITION $

TYPES 9407

FAMILY: TTL

POWER: VCC. : P-24e

DESCRIPTION: MEMORY ADDRESS

UNUSED PIN$_ NONE

FUNCTIONS:

_NV($T[.K].,.I2);
_NV(A,$T[.K]);
INV(B,A);

BUFCOCN,.EOXN
G-OCN :
G-I2R :

G'SELA :

G-_ELB :

);
INV(P-6)

NOT(P-4)
NOT(G-I2B)

INV(Go3ELA)

ANDR(C,A0eA);
ANDR(D,B0,B);

G'GIA :
G-G1B :

AND(FFIAOe
AND(FFIBO e

G-3EbA)

G-3ELB)
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ORR(E,C,D);

ORR(,YI_E,OCN)_
GTS'¥1(P'S) : OR(G-GIA, G-G1B)IDIS.bOW(G-OCN)

ANDR[CeAleA)_

ANDR(D,BleR)I
G-G2A
G-G2B

: AND(FF-Ale G-SEbA)

• AND(FF-_Ie G-SEbB)

ORR(EpCeD)I

OPR(.Y2eEwOCN);
GT$-Y2(P-9) = OR(G-G2Ae G-G2B);DIS.bO*(G-OCN)

ANDR(CpA2wA);

ANDRCDw82wB)_
G-G3A

G-G3B

= AND (FF,,A2 p G,-_EbA)

= AND (FF,._2 w G-,SEbB)

QRR(EeCeD)I
ORR¢.¥3eE,OCN);

GTS-Y3(P'IO) = QR(G-G3Aw G.G3B);DIS_hOw(G-OCN)

ANDRCCeA3eA)2
ANDR(DwB3eB)I

G-G4A

G-G4B

= AND(FF-A]e G-SELA)

= AND(FF'_3e G-SELB)

ORR(EwCwD);

ORR(,Y4eEeOCN];
- GTS-Y4(P'11). = ORCG-G4Aw G-G4B);DIS.LOW(_'QC_)

I2B = ,3T[,K+32];

NAND(Ae,Z3eI2B);

G-A = NAND(P'5w G-I2B)

NAND(BeAw,Z1);
G_B = NAND(G°Aw P-3)

NAND(CeReZ);
G_C = NOTCG'B)

F = NOT ,,CLK; NUR(CLOCKe F, ,[XN);

G-CLOCK = OR(P-7p P'I)

F = NOT ,CLQCK; nor(TSEb, f, C);
G-TSEb = UR(G-CbOCKe G-C)

F = NO¢ ,CLOCK; NOR(PS_bw F, B);

G-PSEb = OR(G-CLOCK, G-B)

INV(A,I2B);

G-I2B" : NO_(G'I2B}

NOR(B,A,.I3)_
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! G-SY = ANDCINVCG-I2B')e INVCP-5))

NOPCAeI2Be.13)l
G-SX m AND(INV(G'Z2B)w INV(P'5))

ANDRCCeAOeA);
G-AO = ANDCFF-AOp G-SX)

ANDR(DeBOeB)I
G-BO = AND(FF-BOe G-S¥)

NOPC¥OwCpD);
G-¥O = NORCG-Ale G-B1)

ANDRCCeAleA);
G-A1 = AND(FF-Alp G-SX)

ANDR(D,BleB)t
G-BI : AND(FF'Ble G-S¥)

NOB(XL,CwO);
G-Y1 : NORCG'A2e G-B2)

ANDR(C,A2eA);
G-A2 : AND(FF'A2e G'SX)

ANDR(D,R2eB)I
G-B2 : AND(FF'B2e G-5_)

NOR(Y2eCeD);
G-¥4 = NOHCG'A3e G-B3)

ANDR(CIA3eA)_
G-A3 = AND(FF'A3e G-3X)

ANDR(DeB3eB)I
G-_3 = ANDCFF'B]w G'5¥)

NOP(Y3eCeD);
G-¥3 : NOR(G-A4e G-B4)

NANDCPOe .DONe ¥0)I NOR(GOe .DONe YO);
G-GO : NOR(P'21e G'¥O)
G-PO = NAND(P'21p G'YO)

NAND(P1, .DINe ¥1); NOR(Gle .DINe Y1);
G'Gt = NDR(P'tge G'¥t)
G'P1 = NAND(P't9p G'¥1)

NAND(P2e .D2Ne ¥2); NOR(G2p .D2N, Y2);
G-G2 = NOE(P'ITe G-¥2)
G-P2 = hAND(P-17t G-¥23

NAND(P3, .D3N e ¥3); NOR(G3e .D3Nw Y3);
G-G3 : _OE(P'15e G-¥3)
G-P3 : NAND(P-15, G-¥3)
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INV(ClwoClN)I INVCAwCI)_
G-CI = NOTCPo23)
G-C1 = NOT(GoCI)

F = NOT ,GO; ANDR(_e F_ PO);
G-C2 = AND(INV(G-GO) 9 G-PO)
G-SO = XOR(GoClp G'C2)

XORR(SOe G. A)I

BUF(AeGO)/ ANDR(BwPO,CI)I NOR(CeAeB)I
G-D2 = AND(G-GO)
G-D1 = AND(G-POt G-CI)
G-D4 = NOR(G-Die G-02)

F = NOT .GI; ANDR(Ge Fe PI)I
G-D3 = AND(IN_(G-GI)e G-P1)
G-61 = XOR(G-D3e G-D4)

XORR(51r G, C)_

BUF(AeG1)/ ANDR(BpG0wP1)I
C = AND3(PleP0eCI); NOR3(DeA,BeC);

G-E3 : ANDCG-GI)
G-E2 : AND(G-GOp G-P1)
G-E1 : AND(G'Plw G'POe G'CI)
G-E5 : NOR(G'Ele GoE2_ G'_3)

F = NO¢ .G2; ANDR(Gw Fp P2)l
G-E4 = AND(INVCG'G2)e G-P2)
G°82 = XORCG'E4w GOES)

XORR(S2,'Ge D);

BUF(AeG2); ANDR(BeGI,P2);
C • AND3(F2ePIwGO);
AND4(DwP2wP1;POeCZ)J NOR4(EeApB_Ce D);

G-F4 = AND(G-G2)
G-F3 = AND(G-Gle G-P2)
G-F2 = AND(G-P2w G'Ple G-GO)
G-F1 = AND(P'F2w P-PI_ P'POw P-CI)
G-F6 = NQR(G'Fle GoF2w G-F3_ G-F4)

F = NOT .G3; ANDR(Ge Fe P331
G-F5 = AND(INV(G-G3)_ G-P3)
G-S3 = XOR(G-FSp G-F6)

XORR(S3t Gw £)S

INV(AeG3);
G-H5 =
GoH4 =

NAND(BeG2eP3);
INV(G'G3)
NAND(G-G2w GoP3)

NA_D3(C,P3eP2pGI)I NAND4CDwP3,P2pP_pGO);
G-H3 = NAND(G'P3w G-P2, G'G1)
G'H2 = NAND(G°P3e G-P2_ G'Ple G-G0]

NANDSCEep3wF2,PlePOwCI); AND5(.CONpApBeC,Dw[_;
GoH1 = NA_D(G-P3w G'P2e G-Plw G-PO, GoC1)

G.COe(p-13) = AND(G-HI, G-H2e G-H3, G-H4, G-HS)

BUFCPCLBePSE_)I
G-CbB = AND(G-P3E_)

AO = CNOT .SO AI_D .C6B) OR C.A0 AND hO'_ .CbB)t
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FF-AO = D(DAZA m G-SOw
CLK.DOWN = G'PCLB)

AX m (NOT ,Sl AND ,CLB) OR C,AX AND NOT ,CLB);

FF°A1 = D(DATA = G-81,

CLK.DOWN = G-PCbB)

A2 = (NUT ,62 AND ,CbB) OR (,A2 AND NUY ,CbB);

FFoA2 = DCDATA = G-S2,
CLK.DOWN = G-PCLB)

A3 = (NOT ,S) AND ,CLB) OR (,A3 AND NOT ,CLB);

FF=A3 = D(DATA = G-53,

CGK.DOWN = G'PCLB)

BUF(CLB,TSEb)I
G-TCGB = AND(G-TSEL)

"Z . :

BO = (NOT ,SO AND ,CLB) OR (,BO AND NOT ,CLB];

FF-BO = DCDATA m G-SOp

CLK.DOWN = G-TCbB)

B1J (NOT ,G1 AND ,CbB) OR (,B1 AND NOT ,CbB);

FF'BI = D(DATA = G'SIe

CGK.DOWN = G-TCLB)

B2 s (NOT ,B2 AND ,CLB] OR (,B2 AND NOT ,CLB); -

FF'B2 m D(DATA = G'52,

CGK.DOWN = G-TCbB)

B3 t (NOT ,53 AND ,CG_) OR (,B3 AND NOT ,CLB);

• FF-B3 = D(DATA = G'S3w

CLK_DOWN = GmTCbB)

BUF(CGB,CLOCK)I
G-OCLB = AND(ChUCK)

ST[K3] = (,30 AND ,CLB) OR (,ST{K3] AND NOT ,CGB);

,OON = ,ST[K3];

FF-OO(IP-20) = D(DATA = G-S0,

CbK.DOWN = G-OCbB]

$I[K3+2] = (,_1 AND ,CLB) OR (,_TCK3+_ AND NOT ,CGB);

,01N = ,ST[K3+2]_

FF'Ol(IP'18) = DCDAZA = G-Slp

CGK.DOWN = G-OCLB)
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ST[K3.1.4J. = C,_2 AND ,CLi_) OH (,,,ST[KJ÷4] AND NOT ,CLId3;
,02N " ,$TCK3+4];

FF-O2(;P-16) = D(DATA = G-_2+
CLK.DOWN = G-OCbB)

ST[K3÷6J = (,S3 AND ,CLB] OR (,ST[K3+6] AND NOT ,CLB);
,Q3N = ,$T[K3+6];

FF-O3(IP'14) = D(DATA = GoS3,
CLK.DOWN = G-OCbB)

$ END CHIP $

END t( ROUTINE TC9407 )_1
END _( MODULE T9407 )_
[bUDOM
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MODULE T2901A(language (%011SsJb(bliSs3b)

%blISs32(DliSS32)),
addressing.mode(external = lonq_relative,

nonexternal = long.relative) ) =

bEGIN

reaulre "HThE_T,R32";

GLOBAL ROUTINE TCR901A(AJ,A2,AI,AO,Ib,IB,17,RAM3,

HAMO,O,F&O,IO,II,12,CP,O3,BO,BI,U2,B3,QO,

_3,D2,DI,DO,13,IS,_4,CN,K,F3P,GBAR,CN4,

OVR,PBAR,YO,Y1,YR,_3,C_BAR) ; novaiue =

BEGIN

REQUIRE "BINDM,R32";

! FOUR BIT SLICE MICROPROCESSOR, THE INPUTS ARE IN PIN ORDER

! WITH O AND K FOR VCC AND GND, THE VARIABLE NAMES

! FOR THE LOCAL VAR&Abb_S COH_SPOND TU THE _ARKINGS On

! THE AMO SCHEMATIC DIAGRAM _ITH A SUFFIX OF B INDICATING

! An INVERSIOn,

own IOB,IIB,I2BwI2BB,ZD,RO_,SOB,RIB,SIB,R2B,S2B,R3B,

83B,CR,CS,FC,INH,PO,GO,P1,GI,P2,G2,P3,G3,CARO,CAR1,

CAR2,CAR3,FO,F1,F2,F3,TEMP,A,B,

REeSFplbB,17B,IbBB,CbB_,SFB,CE;

own AO : vector[4],

BO | vector (43 ;

LOCAL

LOCAL
AMULT; vector[16};

IA, IAB, IB, IBB, IC, ICB, IDD, IO_;

$ CHIP DEFINITION $

TYPEI

FAMILY;

POWERI

DESCRIPTIONI

UNUSED PINS;

AM.2gO1.A

T_6

VCC z P-tO, GND =

BIPOLAR MICROCONTROLER,

NONE

P-30

FUNCTJ, ONS I

! CLOCK LOGIC
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INVCCbB,,CP); LNV(CbBBpCbB);
G-CbB = NOT(P-15]

G-CbBB = hOT(G-CbB)

! READ HAM OUTPUTS AND SET INPUT FOR bAICHES

INV(IABp

INV(IBBe

,AO); INV(IA,1AB);

G-IABI = NOT(P-4)

G-IA$ = INV(G-IABI)

,AI); INV(£B_IB8);

G-IBB1 = NOT(P-3)

G-IBI = INV(G-IBBI]

INV(ICB,,A2);

G-ICBI

G-ICI

INV(IDBe

INV (iC, ICB) ;

= N[_ (P-2)

= INV(G-IC_I )

,A3); INV(IDD,IDB];
G-IDB1 = NOT(P-I}
G-IDD1 = 1NV(G-IDB1)

AND4(AMUbTwZABpIB_ICB,ID_];

G'AMUbTO = AND(G-IABIe G-1BBIt

AND4((AMUbT+I*%uDva_)pIAwiB_eiCBwIDB);

G-AMUbTI = ANU(G-IAIp G-I_BI,

A_D4((AMUbT+2_%u_val),IAB,I_,IC_,IDB);

G-AMUbT2 = AND(G-IABIw G-IB1w

AND4((AMUbT+3*_uPva_)pIA,IB,ICB,IDB);

G-AMUbT3

G-ICBI, G-ID81)

G-ICBI, G-IDBI)

G-ICBI. G-IDBI)

G-IC1, G-ID_I)

G-ICI, G-IDB1)

G'IC1, G-IDBI)

I,.G'ICBI, G'IDD1)

G-ICBI, G-IDOl]

G-ICBI, G-I_D1)

G'IC_I, G'IDVI)
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AND4(iAMUbT+4;_opval],IA_,IbB,IC,IDb);

G-AMUbT4 = ANDiG-IAB1, G-IBB1,

AND4((AMUbT+5_upval],IA,iBb,ICeIDB);

G-AMUbT5 = AND(G'IAI, G-IB_I,

A_D4((AMUbT÷b_Upval)elABeIBp£CwlUB);

G-A_UbTO : ANQ(G'IAB1, G'IB1,

AND4((AMULT+7_upval),IA,IB,IC,IDB);

G-AMUbT7 = AND{G'IAI, G'IBI,

AND4[CAMUbT÷8*%UPVal],IAB,IBB,ICB_IDD)

G-AMU&T8 = AND(G-1ABt, G-IB_

AND4(CAM[JbT÷9*_upval),IA,LBB,iCB,1DD);

G-AMUbT9 = AND(G-IAI, G-IBB1,

AND4((AMUbT+tU_upval),IAn,IBelCB,IDD);

G-AMUbTIO = AND(G-IABI, G-IBI,

AND4((AMUbT+II*_t_pv_I),IA,IB,[CB,IDD);

G-AMIJbT%I = ANO(G-IAI, G-IBI,

G'ICI, G'IDBI]

= AND[G-IAI, G-IBI G-ICBI, G-IDBI)



AND4((ARULT÷I2*_Upval)_lA_pIBB,_CeIDD)_

G-AMULT12 = AND(G-IA_Ie G-IBBI, G-£Cle G-IDD1)

AND4((AMUbT+IJ*%upval),IA,IBBwICwlUD);

G-AMUbT13 = AND(G-IAI, G-IB81, G-ICIp G-1DOl)

AND4((AMULT÷14_%UPVal)pIABeIBw[Cw¢DD);
G-A_ULT14 = ANU(G-IABlp G-IBLw G-ICI, G-IDD1)

AND4((AMULT+15_%upval)wIAe&belCtIDD)I
G-AMULT15 = AND(G'IALe G-IBlw

INV(IABw ,BO)I INV(IAwIAB);

G'IAB2 = NQT(P'17)

G'IA2 = INV(G-IAe2)

G-ICI, G-IDOl)

INV(IBB, ,BI)I INV(IB,Ie8) I

G-IBB2 = NOT(P-L8)

G-IB2 = INV(G-Ie@2)

INV(ICBe ,B2)I INV(IC,ICB)I

G-ICB2 = NQT(P-19)

G-IC2 = I_V(G-IC82)

INV(IDB,,83); INV(ZDU,IDS);

G-IDB2 = NOTCP-20)

G-IDD2 = INV(G-ID_2)

AND4(BMULT,IAB,IBB,ICB,ID_)I

G'BMULTO = AND(G-IAB2, G-IBB2,

AND4((BMULT+I_%uPval),IA,IBB,1CB,&Db);

G-BMULTI = AND(G-IA2, G-IBB2,

G-ICH2' G-IDB2)

G'ICB2, G'IDB2)

AND4((BMULT+2$%UDVal),IAB,Ib,ICB,IDB);

G-BMULT2 = AND(G-IAB2, G-IB2, G-ICB2, G-ID82)

AND4((BMULT+3*tupval),IA,IB,ICB,ID8);

G-BMULT3 = AND(G-IA2, G'IB2, G-ICB2, G'IDB2)

AND4((BMU&T+4_%upval),IAe,IBB,.[C,1DS);

G-BMULT4 = A_D(G-IAB2, G-IBB2, G-IC2, G'IDB2)

AND4((BMULT+5_%uPvaI),IA,IBB,IC,ID8)I

G-BMULT5 = AND(G-IA2, G-IBB2, G-IC2, G-IDB2)

AND4((BMUST+6_%uDval),IAB,Ib,IC,IOB)i
G-BMULT6 = AND(G-IA82, G-1B2, G-IC2, G-LDB2)

AND4((BMULT+7*%uDval),IA,IB,IC,IDB);

G-BMULT7 = AND(G-IA2, G-IS2, G-1C2, G-ID82)

A_D4((BMUST÷8_%upval},IAB,IbB,ICB,IDD);

G-BMUbT8 = AND(G-IAB2, G-IBB2, G-ICB2, G-IDD2)

_BLE 46
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AND_((BMULT+9_%uDval),IA,LBB,LCB,IDD);

G-BMULT9 = AND(G-IA2, G'IB82,

AND4C(BMUbT+IO_%Upval),IAB,IB,ICB,IDD);

G'ICB2, G-IDD2)
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AO =

G'BMULTIO : AND(G-IAB2, G-IB2, G'ICB2w G'IDD2)

AND4((B_ULT÷lI*3upval)_IAwIBwlCbeIDD);
G-BMULTll = AND(G-IA2w G-IB2p G-ICB2w G-IDD2)

AND4((B_ULZ+I2_tUpVal)w_AHpIBBwICwlDD);

G-BMUbT12 : AND{G-IAB2w G-IBB2p G-IC2e G-1DD2)

AND4(CBMULT+13_upval)wlAoIBBpIC,IDD);

G-BMUbT13 : AND(G'ZA2w G'IBB2, G'IC2w G'IDD2)

AND4((BMUbT_I4_upval)#IABelBeIC#ZDD)3

G'BHUbT14 : ANDCG-IAB2, G'IB2e G'IC2_ G'IDD2]

AND4(CBMULT÷IS:_Upval),IA,IB,IC,IDD);

G'BMUbTlb : ANDCG-IA2, GoIB2, G'IC2, G'IDD2)

(

ANDF((AMUL¢), (RMQ))I

GQAO0 : AND(FF-RMUO); DIS.HIGH(G-AMUbTO)

AU = oAO OR AhDF((AMU_T÷4)e (_MO÷_J_.I

! G-AO0 : AND(F¥-RM01)I DIS.HIGHCG-ARUbTI)

AO : ,AO OR ANDF((AMULT+B), (HMU+8));

1 G-AOO : AND(FF-_M02); DI_.HIG_(G-A_UbT2)

AO = ,AO OR ANDF((AHUbT÷12), (RMO+12)):

! G_AO0 : AND(_-_MUJ); DIS.HIGH(G-AMUbT3)

AO : ,AO OR ANDF((AMUb¢+Ib)e (EMO+Ib));

| G-AO0 : AND(FF-RPO4); DIS.HIGH(G-AMUb¢4)

kO : ,AO OR ANDF{CAMUbT÷20), (RMO+20));

! G-AO0 : AND(FF-RMO5); Di3.HIGHCG-AMUbTS)

AO : ,AO UR ANDF((AMUbT÷24)e {RMU+24));

! G-AO0 : ANDCFF-HMUb): D13.HIG_CG-AMUbT6)

AO : ,AO OR ANDF[(AMUbT+28)e (RMU_2B));

! G-AO0 : AND(FF-RMUT)I DI3.HIGH(G-AMUbIT)

TABLE 46 (CONT'D) IbO



AO = oAO OR AHDF((AHUbT÷32}e (RMO+32))_

! G-AgO = AND(FF-RHOS)_ DI__HIGH(G-AHUbT8)

AO B GAG OR ANDF((AMULT+3bJ9 (RMO+Jb))l

[ G-AgO = AND(FF-RMGg)I D_.HIGH(G-AMUDT9)

AO = ,AO UR ANDF((AMUGT+40)e (RHO÷40))_

! G-AgO = AND(FF'RM010)_ DI_.HIGH(G-AMULTIO)

AO = .AO OR ANDF((AMULT+44]e (RM0+44))2

! G-AUO : ANO(FF'RMUll]3 DI_.HIGI4(G-AMULTll)

AO = ,AO OR ANDF((A_MUbT+48]t (RMU+48)J_

! G-AO0 = AND(FF-RMOt2]_ DIS_HIGH(G-AMULT12)

AO _ ,AO U_ ANDF((AMULT+52]e [RMO+52]]_

| G-Ago ¢ AND(FF-RM013]_ DL_.HIGH(G-AMULT13)

AO z ,AO UR ANDF((AMUDT+Sb)e (RMO+5b))_

| G-AO0 = AND(FF-RM014]_ DIfi.HIGH(G-AMULT14)

AO = ,AO OR ANDF((AMULT+bO)e (HMO+6O))_

! G-AgO = AND(Ff'RMOtS]; DIfi.HIGH(G-A_ULT15)

AO+4 :

! G-A01 : AND(FF-HMOI6)_ DIS._IGH(G-AMU_TO)

AO+4 : ,(AO+4) OR ANDF((AHU&T+4), (EMG+68));

! G-AOt : AND(FF-RMOT1): 0IS.HZGH(G-AHU_Tt)

AO+4 : oCAO+4) OR ANDF'C(AMUbT÷8), CRMG+'I2))_

! G-AGI : AND(FF-HMOld]; D_.H[GH(G-AMULT2)

AO+4 : ,CAO÷4) OR ANL)k'CCAMULT+I2J_ {R_qO+Tb]}_

! G-A{jt : ANDCFF-_MO].9]_ DI,..S.H[GH(G-AMUL, T3)
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AO+4 -- ,(AO+4) OR ANDF((AMLIb'r+It_),. (RMO+80))_

G-A(.]I -- AND(FF'-FCMC}20); DJ.,.'.%.HIGH(G-Ae4UI.,T4)

AO+4 ¢ ,(AO+4) OR ANDF((AMULT÷20), (RHO+84))_

G-A01 ¢ AND(FF-RM_21); _15.HI_H(G-AMULTb)

AU+4 = ,(AO+4) OR ANDFC(AMULT÷24), (HM[]÷8_]);

, G-AOI : AND(FF-RM022); _I@.HIGH(G-ANULTB)

AO+4 = ,(AO+4) UR ANDF((AMUbT÷2B)w (RMO+92));

G-AOt : AND(FF-RMU23]; DIS.HIGH(G-AHULTT)

AU+4 = ,(AO+4) OR ANDFC(AMUbT÷32)w (RMO+96));

• G-AU1 : AND(FF-RMU24); bI_.HIGH(G-AMU6TB)

AO+4 : ,(AO+4) OR ANDF((AMUb¢+30)a (RMO+tO0));

• G-AOI : AND(FF.-HMO2b); OIS.HIGH(G-AMUbT9)

AO+4 : .(AO+4) QR ANDF((AMUbT+40)e (RMO+I04));

! G-AOl = AND(FF-RMG26); DI_.HIGHtG-AMULTIO)

AO+4 : ,(AO+4) OR ANDF((AMULT+44]w (RMO+IOB));

! G-A01 : AND(FF-RM027); D[3.HIGH(G-AHUbTI1)

AO+4 : ,CAO+4) OR ANDFCCAMULT+48)w CRMO+112));

! G-AUI : AND(FF-RM_28); D_.H_GHCG-AMUL¢12)

AO+4 : ,(AO+4) OR ANDF((AMUbT+52), (R_O+ll_));

G-AU1 : AND(FF-RMO29); DI_.HIGHCG-AMUbT13)

AO+4 : ,(AO+4) OR ANDF[(AMUbT÷56), (RMO+120));

! G-AOI : ANDCFF-RMU30); DI_.HIGH(G-AHUbT14)

AU+4 : ,(AO+4) OR ANDI.'C(AMU&¢+60), (RMO,I_4));

' G-AOl : AND(FF-HMU31]; DI3.HIGH(G-AMIJLTIS)
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AU+8 = ANDF((A_ULT)e (_M_+12U]);

! G-A02 = AND(FF-HMOJ2); DI__HIGH(G-AMULTO)

AO+8 = ,(AO+8) O_ ANDFC(AMULT÷4)e (RMG+132));

G-A02 = AND(FE-HM033]; DIS.HIGHCG-AMULTI)

AO+8 = .(AO÷8) OR ANDF((A_ULT÷8)_ (RMO+I3b));

! G-AG2 = AND(FF-RM_34); DZS.,IGHCG-AMULT2)

AO+8 = .(AO+8) UR ANDF(CAMUbT+12), CHMO+140));

G-AU2 = AND(FF-HM035]; DIS.HIGHCG-AMUbT3)

AQ+8 = ,CAO+8) OR ANDF((AMUb¢÷16)p (RM0+144));

G-A02 = AND(FF-HMO36); DIS.HI_H(G-AMUbT4]

AU+8 = ,(AO+8) OR ANDP((AMUL¢+20)e (R_Q+I4B));

G-AU2 = AND(FY-HMG37); DI3.HI_HCG-AMULTS]

?

AO+8 : +(AO+8) OR ANDF((AMUbI+24)e (RMO+152));

G-AO2 = AND(FF-RMO38); DI_.HIGH(G-AMULT6]

AU+8 = ,(AO+8) OR ANDFC(AMUbT÷2B)e (RM0+156));

G-A02 = AND(FF-RM_39); DIS.HIGHCG-AMUbT'I]

AO+8 = ,(AO+8) OR ANDF((AMULT+32)e CRMO+160));

G-A02 : AND(FF-RM040); DI@.HIGH(G-AMUbTS]

AO+8 = ,(AO+8) OR ANDF((AMUbT+3b)e (RM0+164))_

! G-AO2 = AND(FF-RM041]; DI_.HIGH(G-AMUbT9)

AO+B = ,(AO÷8) OR ANDF((AMUbT+40], (RMO+IbB))I

! G-AU2 = AND(FF-RM042]; DIS.HIGH(G-AMUbTIO)

AO+8 = +(AO+8) OR ANDY((AMULT÷44]w (RMO+172)];

! G-AO2 = AND(FF-RM043]; DI_.HIGH_G-AMUbT11)

AO+8 = .(AO_8) OR ANDY((AMUbT+4_)e (RMO+I76));
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_! G-A02 = AND(FF-RMO4&)_ D_S_HIGH(G-AMUbT%2)

AO+8 = ,(AO+8) OR ANDF((AMUbT+52)e (RMO+180))_

! G-A02 = AND(FF-RM045)_ DI_.HIGH(G-AMULT13)

AO+8 = .(AO÷8) OR ANDF((AMULT+56)e (RMO+IH4));

! G-AU2 ¢ AND(FF-RM046]; DLS.HIGH(G-AMUbT14)

AO÷H = .(AO÷8) OR ANDF[(AMU6T+60), (RMO+IB8))_

! G-AO2 = AND(FF-_MU47)# DIS.HIGHLG-AMU6T15)

A0+12 =

1

A0+12 =

!

A_DF((AMUbT), (RMO+I92))#

GoA03 = AND(FF-RM048); D£_.hIGH(G-AMULTO)

.(A0+12) O_ ANUFC(AMUbT+4), CRMO+I9b))_

G-A03 = AND(FF-HM049]_ DZ_.HIGH(G-AMULT1)

A0+12 = ,(A0+12) OR ANDF((AMUL_+B}, (RHO+200))I

! G-A03 = ANDtFF'RM050]# DI_.HIGHtG-AMULT2)

A0+12 = .[A0÷12] OR ANDF{(AMULT+i2), (RMO+204))_

! G-AO3 = AND(FF-HM051]; D_.HIGH(G-AMULT3)

A0+12 = ,(A0+12) OR ANDF((AHUbT+16)w (RMO+208))#

! G-A03 = AND(FF-RMO52)_ D_.H_GH(G-AMULT4)

AO+12 = ,(A0÷12) OR ANDF((AMUb¢+20)t [RM0+212))I

Z G-AO3 = AND(FF-RM053]; D_S.H-IGH(G-AMU_T5)

AO+i2 = ,(A0÷12) OR ANDF((AMUbT+24}e (HMO+21b))_

! G-AO3 = AND(FF-RM05_]_ UI_.HIGH(G-AMU_b)

A0+12 = ,(A0+12) OR ANDF(CAMU57+283, (RMO+220))I

! G-A03 = AND(FF-RMO55); DI_._IGH(G-AMUbT7}

A0+12 =

!

,(A0+12] OH ANDF((AMULT+32), (RMU+224)}_

G-AU3 = AND(FF-_MU56); DE_.HIGH(G-AMU_TS)
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A0+12 = ,(A0+12) OR AN_V((AMUL_+36)e (RM0÷228)')I

! G-A03 = AND(FF-MMU57]; D&S.HIGH(G-AMULTgJ

A0+12 = ,(A0÷12} OR ANDF(CAMULI+40)e (RM0+232))1

! G-A03 = AND(FF-RM058); DI_.HIGH(G-AMUbTIO)

A0+12 : ,(A0+12) OR ANDF((AMUL_+44}, (RMU+236));

! G-AO3 : AND(FF-HM059}_ _I_.HIGH(G-AMOLTll)

A0+12 = ,(A0+12) OH ANDF((AMUL_+4R), (_M0+240));

! G-AO3 = AND(FF-RM060)I Dl_.HIGH(G-AMULT12)

AO+I2 = ,(AO+12) OR ANDF((AMUb_+52)_ (HM0+244)}_

! G-AU3 = AND(FF-RM061); DIS.HIGH(G-AMULT13)

! G-A03 = ANDiFF-RM062); DI6.HIGH(G-AMUGTI4),

AO+12 = ,(AO+12) OR ANDF((AMUbT+60)_ (M_U+252))_

! G-AU3 = AND(FF-HM063]$ DIS.HIGH(G-AMUbTIS)

BO = ANDF((BMU_T)e (HMO])Z

! G-BOO = AND(FF-RMUO)_ DIS.HIGH(G-BMUb¢O)

BO = ,BO OR ANDF((BMULT÷4)p (HMO+4J)I

! G-BOO = AND(FF-RMO1)_ DIS.HIGHCG-BMUL¢I}

BO = ,BO OR ANDF((BMULT+8), (kMO+B))_

! G-BOO = AND(FF-_MU2)I DIS.HIGH(G-BMUbT2)

BQ = ,BO OR A_DFC(BMUGT+12)e (RMO+12))_

! G-BOO © AND(FF-HM03}2 DI5.HIGH(G-BMULT3)

BO -- ,BO OR ANDF((BMUbT+I6)e (RMO÷lb));

! G-BOO -- ANDiFb'-HMU4); DI_.HLGH(G-_MU_T4;
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BO = ,BO OR ANDF((BMULT+20}, {RMO+20))i

! G-B00 = AHD(FF'RMO_)I D__HIGH(G-BMULT5)

BO = ,BO OR ANDF((BMULT+24)p (RMO+2_))I

| G-800 = AND(FF-HMU6)I DI&.HIGH(G-BMULT6)

BO = ,BO OR ANDF((BMULT+2B)p (RMU÷28))_

! G-BOO = AND(FF-kMU7)I DI_.HIGHCG-BMULT7)

80 = ,80 OR ANDF((BMUbT+32)p (RMO+]2))_

[ G-BOO = AND(F_'-HMUB)! DIS.HLGHCG-_MUL'IB)

80 = ,80 OR ANDF((BMULT÷36)w (RMU÷3b))_

G-BOO = AND(FF-_MQg)I DI_.H_GH(G-HMOLT9)

80 ¢ ,BO OR ANDF((BMUbT÷40)w (RMO+40))2

?

! G-B00 = AND(FF-RMO%0)3 DIS.HIGH(G-BMUb?%0)

BO = ,80 OR ANDF((BHULT+44), (RMU+44))_

! G-B00 = AND(FF-RMOII)I DI_.HIGH(G-BMUbT11)

BO = ,BO OR ANDFC(BMUbT÷4HJw (RMO÷48))_

| G-B00 = AND(FF-RMO12}; _I_.HIGHCG-BMUbTI2)

BO,= ,BO OR ANDFC(BMULT+52)w (RRO+52))_

! G-B00 = AND(FF-RM013)I DIS.HZGHCG-BMU&T13)

80 = _BO OR ANDF((BMULT÷56)o {RMU+56))_

| G-BOO = AND(FF-HMGI4)_ _¢_.HIGH(G-BMU&T14)

80 -- ,BUUR ANDF(CBMUI.,T+60}_ (RML]+60))_

! G-BOO = ANDCFF-HMUIS]I D_S.fIIGH(G-BMUI,T15)

BO+4 -- ANDF((BMU&I)_, (_MO+(}4))J

! G-801 = AND(FF-HMGI6); DI_.HIGH(G-BMUbTO)

BO+4 _ ,CBO÷4) OR ANDI,'((BMUbT÷4)_ C_MG+b8))I
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! G-BOl m ANDCFF'RMUI7}_ _I_._IGH(G-BMULTI]

BO+4 = ,(80+4) OR ANDF((BMULTeB]e (EMU+72))$

! G-BUJ = AND(F_-RMUIB); DZ3.HIGH(G-BMUbT2)

BO+4 = .(BO÷4} OR ANDF((BMUbT+I2}e (RMO+76])_

! G-BUt = AND(F_-RMO%935 DI_.HIGHLG-BMUb¢3)

BO+4 = ,CBO+4) OR ANDF((BMUbT+IO)p (RMO+SO))/

! G=BOl = AND(FF-_M020)_ DIS.HIGHLG-BMUb¢4)

BO+4 = ,(BO+4) OR ANDFC(BMUbT+20), (RMO+84))I

! G-BUt = AND(FF-RMO21)_ QL_.HIGH(G-BMUbTb)

BU+4 = .(BO+4) UR ANDFC(BMUbT+24), (HMQ+88))I

! G-BUt = AND(FK-RM022)_ DIS.HIGH(G-HMUbTb)

BO+4 = ,(BO+4} OR ANDFC(BMUbT+2B}e (RM0+92])I

G-BUt = AND(FF-RMU23]; DI@.HIGH(G-BHUbTT)

BU+4 = .(BO+4) OR ANDF((BMUbT÷]2Jw (RMO+gb))I

! G-BUt = AND(FF-RMU24)_ DIS.HIGH(G-BMULTS)

BO+4 = ,(_0+4) OR ANDF{(BMUbT+Jb}p (RMO+lOO))_

! G-BOl = AND(FF-RM025); QI_.HIGHiG-BMUbIg]

BO+4 = ,{BO+4} OR ANDF((BMULT+40]e (RMO÷I04)]_

! G-BUt = AND(FF-RMU26]_ DIS.HIGH(G-BMUbTIO)

BU+4 = ,CBO+4) OR ANDF((BMU_T+44), (RMO+tOB))I

! G-BUt = AND(FF-RMU27]; _IS.HIGH(G-HMULT11)
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BU+4 = ,(BO+4) OR ANDF((BMULT+48)w (RM0+112))I

! G-BUt = AND(FF-_MU28); DIS.HIGH(G-BMU&II2)

BU+4 = ,(_0+4) OR ANDFCCBMUbT+52}e (RMO+I16]);

! G-BUt = A_D(FF-HMO29)S DI_.HIGH(G-BMU&Tt3) 157



BO+4 = ,(80+4) OR ANDFC(BMULTe56), (RMO+I20));

[ G-BO1 = ANDC_F-R_030); DZ3_HLGH(G-BNUbTI4)

BO+4 = .(_0+4) OR ANDFCCBMUbT+60)_ CRM0+124));

[ G-B01 = AND(FF-RMO31); DIS.HZGHCG-HMUbTIS)

BU+8 =

!

ANDF((BMUbT)p CHMO+12B))_

G-B02 = AND(KF-RMO32)I _Z3.HZGH(G-BMUbTO)

BU+8 = ,(B0+8) OR ANDFCCBMUbT_4)w C_MO+L32})I

[ G-B02 = ANDCFF-RMO_3]; DI__HIGHCG-HMUbTI)

BO+8 = ,C_0+8) OR ANDFCCBMULT+8), CHMO+13_))I

! G-BU2 = ANDCFF-RMO34); DZ__HZGHCG-BMUbT2)

BO+8 -- .(BO+B} _."n ANDF((BMUbT+$2)p (RMO+I;O));

! G-B02 = ANDCFF-RMO3b]; _I_.HiGHCG-BMUbTJ)

BO+8 = ,C80÷8) OR ANDFCCB_Ub¢+16), (RMO_L_4));

| G-BO2 = ANDCFF-HMO3_]; DI_.HIGHCG-BMUbT4)

BU+8 = ,(BO+8) UR ANDFCCBMUbT+20)_ (RM0+148));

G-BO2 = AND(FF-RMOJT); DIS_HIGHCG-BMUbTS)

BO+8 = ,C_0+8) OR ANDFCCBMUbT÷24)_ (RMO+I52));

[ G-BU2 = ANDCFF-RMOJ_); DI_.HZGHCG-BMULTb)

BO+8 = ,(BO÷8) OR ANDFC(BMUbT+28), (RMOelSb));

" ! G-BU2 = ANDCF_'-RM039]; DZS.HIGHCG-BMUbTT)

BU+8 = ,CBO+8) OR ANDFCCBMULT÷32), (RMO+lbO));

I G-BU2 = ANDCFF-HMO40); DZ_.HIGHCG-BMUbT8)

BO+8 = .(BO+8) OR ANDF(CBMUbT+J6), (RMO+lb4));

[ G-BU2 = ANDCFI"-HMb41]; DZ_.HIGHCG-BMUb'_'9]
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#

BO+8 = ,C1_O+8) OR ANDFCCBMUL, T÷40]e (RMO+168),1_

| G-B02 = AND(FF-RMtJ42)_ OIS.,HIGH(G-BMULTIO)

BU+8 = ,(BO+8] OR ANDF((BMUbT+44)p (RMO+172))_

| G-BU2 = AND(FF-RM043]; DZS.HIGH(G-BMUbTII)

BO+8 = ,(UO+8) OR ANDF((BMUb7_48]_ (RMQ+176))_

! G-BU2 = AND(FY-RM044]3 D£@.HIGH(G-BMUbT12)

BO+8 = ,(BO+8) OR ANDF((BMULT÷52}w (RMO+l_O))_

! G-BU2 = AND(FF-RM045)_ DX_.HIGH(G-BMULT13)

BO+8 = ,(_O+8} OR ANDF((BAUDT÷56), (RMO+tU4));

l G-B02 = AND(FF-RM_46)$ DI3.HIGH{G-BMUbT!4)

BG+8 = ,(BO+8) OR ANDF(CBMUbT+hO)j (R_O+t@8))@

! G-BU2 = AND(FF-HMO47)_ DIS.HIGH(G-BMU&?IS)

B0+12 = ANDF((BMUbT)w (HMU+Ig2)J;

! G-BO3 = AND(FF-HMU4B]I D£S.HIGH(G-BMUbTO-)

BO+12 = ,(80+12] OR ANDF(CBMUbI+4Jp (RMO+I96)];

! G-BQ3 = AND(FF-_M049); DI@.HIGH(G-BMUbTI]

80+12 = ,(80+12] OH ANDF((BMUbT+_]p (RMOe200))_

! G-BU3 = AND(FF-RM050]_ DI@.HIGH(G-BMUbT2)

80+12 : ,(B0+123 OR ANOF((BMUb7+12], (RMU+204))I

! G-BO3 = AND(FF'RMO51}; DIS.HIGH(G-BMU&T3)

BO÷t2 = ,(dO+12) OH ANDF((bMUL¢+16), (HMU+208])_

! G-B03 = AND(FF-_MQ52)_ UI_.HIGH(G-B_ULT4)

BO+12 =

!

,(_0+12} OR ANDF(EBMUIJI+20), (RMO+212))I

G-B03 = AND(F_'-RM053]; DI3.HIGH(G-BMUbTS)
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80+12 = ,(BO+I2) OR ANDF((BMUbT÷24), (HMO+210]);

| G-B03 = AND(FF-HMU54]; O£_.HIGH(G-BMUbTb}

80+12 = oC_0÷12) OR ANUF(C_MULT+28), (RMQ+220}}$

! G-BO3 = AND(FF-HMU55}; DX_.HIGHCG-BMULT7}

B0+12 = ,(_0+12) OH ANDF((UMUL_÷32), (R_U+224));

G-BO3. = ANDlFF-RMO56); DIS.H_GHCG-BMULT_}

B0+12 = ,{_0÷12} OH ANDF((BMUL£+Jb)e (HMU÷228));

! G-BO3 = AND(FF-HMU57}; D[_.HIGHCG-HMULTgJ

80+12 = ,(_0+123 OR ANDF((BMUbT+40), (RM0+232))$

! G-BO3 = AND(FF-RMO5a}; D_S.MIGH(G-BMUbTIUJ

BO+t2 = ,C80+12) OR ANDF((BMUbI+4.4), CRMU+236));

[ G-BU3 : ANDtFF-HMO59}S DI@.HIGH(G-_MU&T11)

BO+I2 = ,(B0+12) OH AN_F(CBNUbI+48)f (HMO+240)J;

! G-BO] = AND(FF-HMU60}; DiS.HIGH(G-BMULTI2}

B0*12 = ,(B0+12) OR ANOF(CbMUbI+52), CHM0+244));

| G-B03 = AND(FF-RM061); DI@_HIGH(G-BHUb?13}

B0+12 = ,CB0+12} OH ANDFC{UMU&I+56)_ CRMO+24_}}I

! G-B03 = ANDCFF-RMU62); DZ@.HIGHCG-BMUbTI4)

B0+12 = ,(80+12) OR ANDF((_MUbT+60}w (RMU+252));"

G-B03 = ANDCFF-RMO63}; _IS.HIGH(G-BMULT15}

OIJ1PUT LATCHES FROM HAM SUBROUTINE
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AOL = (,AO[U] AND ,CHUB} OR (,AO& AND NOT ,C_BB};

INV(AUB_ AOb);

G-bAO = AND(G-AUO, G-ChuB)

G-LBO = A_D(G-AObw NUT(G-CLBE))

G-AO& = OR(G-bAO, G-bBO) 160



! G-AOB = IhV(G-AOL)

!.

AI_ : (,AO[I] AND .CHUB) OR (,Alh AND NOT .CHUB)/

INV(AIBw ALL);

G-hA1 = AND(G-A81w G-ChUB)
G-LB1 = A_D(G-Albp NO_(G-CbBB))

G-AIb = uR(G-hAI, G-LBI)

G-AtB = I_V(G'A1 b)

A2L = C,AO[2] AND ,CHUB) OR (oA2L AND NUT ,CbBB);

INV(A2Br A2b);

G-hA2 = AND{G-AO2t G-ChUB)

G-bB2 = AND(G-A2br NO'I(G-CbbB))

G'A2b : OR(G'bA2, G'bB2)

G'A2B = 1NVCG'A2L)

ASh = (,AO[3] AND ,CUBS) UR (,ASh AND NUT ,CL_B)I

INV(AJBr ASh);

G-hA3 = AND(G-AOSr G-ChUB)

G-hU3 = A_D(G-AS&r NOT(G-CLUB))

G-ASh = ORCG-bA3, G-bB3)

G-ASB = INV(G-A3b)-

BOb = (,BU[O) AND ,CHUB) OR (,BOb AND NOT ,Cb_8)l

G-bAO = AND(G-BOOr G-ChUB)

G-bBO = ANDCG-BObw NOI(G-CbBB))

G-BOb = OR(G-&AOr G-bBO)

BII., = (,8011) AND ,CHUB) UR (,Bit, AND NOT ,CIaBB)I

G-hA! = AND(G'BOIw G-ChuB)

G-bUt = AND(G'BI&r NO_(G-CbUB))

G-BIL = OR(G'bAIw G-bBI)

B2b = (,BU[2] AND ,Cb_B) OR (,B2h A_D NUT ,Cb_B)I

G-hA2 = AND(G=BU2r G-ChUB)

G-hB2 = AND(G-B2be NOT(G-ChUB))

G-B2L = OH(G-hA2, G-bB2)

_S& : (,BUt3) AND ,CLUB) UR (oBJL AND NOT ,CL_B);

G-I.,A3 = AND(.G-BO.:I_, G,.,CLBB)

G-LBJ = ANO(G-@Sb, NOI(G-Cb_B))

G-BSb " Ul_(G-bAJt G-bB._}

TABLE 46 (CONT'D)
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,p

!

| AGU INPUT MUX - SELECT SOURCES R AND S - CONTROL LOGIC

INV(IOB,.ZO); INV(I1B,,II); INV(I2B,.I2);
G-IOB = NOT(P'12)

G-I1B = NGT(P-13)

G-I2B : NOT(P-14)

INV(I2BB,12B); NAND(ID,IO_,IIB);

G-I2BB = NOT(G-12b)

G-ID = NANDiG-10B, G-£1_)

! MUX GOGIC " AbU INPUT MUX

ROB = (NOTCAND3(I2B, ItU, AUG) UR AND3(ID, I2BB, .DO)));

G-AROb = ANDCG-I2_, G-IIB, G-AOG)

G-AROR = AND(G-ID, G-I2_B, P-25)
G-ROB = NURiG-AkOb, G-AROR)

!

3LE 46 (CONT'D)

A = NOT ,IOB; B = NANOF(i2BB, lIB);

SOB :. (NOT(AND3(12BB, lIB, AOL) OR AND3(Aw 12_, BOG)

OR AND3CB_ £OB, _Ob)))_

G-ASOb : AND(G-L2_8, G-lIB, G-AOL)

G-ASOM = AND(INV(G-IOd), G-12B, G-BOb)

G-ASON = QRCINV(G-I)_)e INV(G-12BB))

G-ASOR = AND(G-ASON, G-lOB, FF-QO)

G-SOB = NUR(G-A3Ob, G-A3OMs G-A3OH)

RIB= (NOT(AND3(12B, IIB, AIG) UR AND3(ID, 12BB, ,D1)));

G-ARIL : AND(G-12B, G-lIB, G-AIb)

G-ARIR : AND(G-ID, G-12bBe P-24)

G-RIB: NOH(G-ARIbw G-ARIR)

A = NUT ,lOB; B = NANDF(I2BB, IIB)l

31B = (NOT(AND3(12BB, IIB, AIL) OR AND3CA, 12b, Bib)

OR AND3(Be lOB, QIG)));

G-AStb : ANU(G-12B8, G-IIB, G-AIG)

G-ASIM = AND(INV(G-IOB], G-12B, G-BIG)

G-A31_ = UR(INV{G-IIB), INV(G-I2Bb))

G-ABIR : AND(G-ASlN, G-IOB, FF-QI)
G-61B = NU_(G-ASlL, G_A31_e G-A31R)

R2B = (NOTCAND3(12B, IIB, A2L) OR AND3(ID, I2BB, .D2)));

G-AR2L = AND(G-12B, G-IIB, G'A2b)

G-AH2H = AND(G-ID, G-12BB, P-23)

G-R2B : NOR(G-A_2G, G-AR2R)

A = NOT ,10B_ B = NANDF(12BB, lIB);

S2B = (NOT(ANb3(I2Bb, lIB, A2b) OR AND3iA, I2d, B2b) 162



OH ANU3(Bp LOB_ (J2L)])l

G-AS2L = AN_CG-I2BBp G-IIBw G-A2L)

G-A52M u AND(INVCG'[OB), G-I2Bw G-B2E)

G-AS2N = OR¢INV{G-IIB)w iNV(G-I2BB])

G-A52R = ANDCG-A82Nw G-ZOBw FY-Q2)

G-$2B = NOR(G-ASRLw G-ASRMp G-AS2R)

R3B = [NOT(AND3CI2BP IIB_ A3L) UR AND3(IDe I2BBt ,D3)));

G-AR3b = ANUCG'I2Be G-IIBw G-A3b)

G-AR3R = AND(G-I_e G-I2_Bp P-22)

G-R3B = NUR( G°AHJbw G-AH_R)

A = NUT .I081 B = NANQ_'{I2B_e [IB)i

S3B = (NOI(AND](12BB, I1_w A3&) OR AND3CAw L2B, B3b)

OR AND3(Bw lobe U3b))]|

G-A@3& = ANQ(G-£2BB_ G-IXB, G-A3b]

G-AS3M = ANDCINVtG'IOB}e G-I2_e G-B3b)

G-A@3N = OR(INV(G-II8), IaV{G-12BB))

G-A@3_ = ANb(G'ASONe G-_0_p FF'Q3)

G-S3B = NGR(G-A6Jbe G-A@$_p G-A@_R]

| A&U CONTROb LOGIC

INV(CRt,I3);I_VCC_,.I4)|[NVCFC,.15);

G-CR = NOT£P-26)

G-C3 = NOTCP-28)
G-FC = NO¢(P-27)

INH = (NOTCANU3(oZJ, ,I4, FC) OR ANUFC,L5F CS)})l

G-INF = AND(G-CSw P-27)

G-ING = A_D(G-FC, P-28, P-2b)

G-INH = NOR(G'INF, G-ING)

| ALU FIRST LEVEL " GENERATE P AND G SIGNALS

BLE 46"

(CONT'D)

A = NOT (EXORCC_w ROB));
G'R061 = XNOR(G'CR, G'ROB)

B = NUT (£X_R(CS, 308J)1
G-8OBI = XNUR{G'CS# G-SOB)

NAND3(PO_ INH, A, a)_
G-PO = NAND(G-II4H, G-HOBI, G-SOBt)

NUR(G0_ A_ b);
G-GO = NOH(G-ROBI, G-3OBI)

A = NUT CEXQRCCR_ RIB));

G-RIBI = XNUE(G-CR_ G-RL8)

B = NOT (EXOR(C5_ 51B));
G-SIBI = XNUR_G-C3, G-SLB) 163



NAND3(PI_ INHe A, 8)I
G-Pt = NAND(G-INHe G-RIBt, G-StB1)

NUR(GIp Ae B)I
G-GI = NOM(G-_IBlw G-SI_I}

A = NOT (EXOR(CR_ R2B));
G-R2B% = XNOR(G-CRt GtR2B)

B = NOT (EXOR(CS, _2B));

G-82Bt = XNUR(G-CSp G-S2B)

NAND3(P2e INH, A, B)I
G-P2 = NAND(G-I_H, G-R2B1, G-S2bt)

NOR(G2w A, B};
G'G2 = NOM(G'H2Ble G'S2B1)

!
!

!

iABLE 46 (CONT'D,)

A : NU¢ (EXOR(CRw R3_)};
G-R3Bt = XNOR(G-CRt G-R38)

g = NO¢ (EXOR(CS, 53B));

G-S3Bt : XNOR(G-CSo G-S3B)

NAND3(P3e INHw Ap B)J
G-P3 = NAND(G-INH, G-R_Btw G-83B1)

NOR(G3_ Aw B);
G-G3 = NOR(G-M3Utw G-S3B%)

! ALU 8ECONU bEVEb - GENERATE CARRY 5IGNAbS

NAND(CAROe,CN,INH);
G-CNO = ANO(G-I_Hp P-29)

G-CAR0 = NOR(G-CN0)

CAR_ = (NOT(AND3(_NHe PO, ,CN) OR ANDF(INH, GO)));

G-CNtA = AND(G-INHe G-GO]

G-CNIB = AND(INHw G-POw P-29]

G-CAR1 = NOR(CNIA_ C_LB]

AND4fA_ ,CNe POw Plw XNHJ;
CAR2 = (NOT(,A OR ANDJ(GO, INH, PI) OR ANOF(G%, INH))]I

G-CN2A : AND(G-INHp G-GI)

G-CN2B = AND(G-Pt, G-INH, G-GO)

G-CN2C = AND(G-INHe G-PIe G-PO_ P-29)

G-CAR2 = NOR(G-CN2A, G-CN2B, G-CN2C)

NANDS(Ae ,CNw PUt PI, P2, INH)I

NANU4(Bw GO, P1, P2, INN);
CAR3 : CNOT((NOT ,A) OR (NOT ,B) OR ANDJ(Gt_ P2, INH)

OR ANDF(G2, INH)])I

G-CN3A = AND(G-INn, G-G2)

G-CN3B : ANO(G-INHp G-P2, G-GI) 164



G-CN3C = AND{G-LNH, G-P2, G-P1, G-G0)

G-CN3D = AND(G-INH, G-P2, G-P1, G-POp P-29)
G-CAR3 = NDHCG-CN3A, G-CN3Bp G-CN3C,G-CN3D)

! ALU - GENERATE INTEHCHLP CAHR_ SIGNAL_

NAND4(A, GO, P%e P2, P3)_

BUF(B, G3)$

,GBAR = (NOT((NOT ,A) OH AND3(GI, P2, P3) OR ANDFCG2, PJ) UR

G'GB1 = AND(G-GO, G'Plp G'P2, G'P3)

G'G_2 = AhO(G'GI, G'P2e G'P3}

G-G_3 = AND(G'G2p G'PJ)
G'G84 = AND(G'G3)

G-GBAR{P-32J = _U_(G-GBI, G-GB2, G-GB3, G-GB4)

NANDS(T_MP,,CN,P3,P2,PI,PO);

NAND4(,BBAR,P3,P2,PI,PO)_

G-PB! = NAND(P-29, G-P3, G-P2, G'PI, G-PU)

G-PbAR(P-35) = NAND(G-P3, G-P2, G-P1, G-PO)

NAND(,CN4,T_MP,,G_AE);

ANDR(TEMP,TKMP,,G_AH)$

XORR(,QVR,T£MP,CA_3)I

G-CN4(P-33) = NAN_CG-GBAR, G-PBI)

G-P_3 = AND(G-G_AH, G-Pbl)
G-OVR(P-34) = XOR(G-PBJ, G-CARJ)

! AbU OUTPU¢ BITS AND THEIR INVERSE5

ILE 46 (C0NT'D!

!

A = NOT ,GO;

FO = NOT (NANDF(P0, A) XDR ANOF(CARO, FC)-)l

G-PGO = NAND(G-_O, INV(G-GO)

G-CARA = AND(G-F(, G-CARO)

G-FO = XNUR(G-CARA, G-PGO)

A = NOT ,GI;

FI = hOT (NANDFCPI, A) XOR ANDF(CARI, FC));

G'PGI = NAND(G-P%, INV(G-GI)

G-CARB = AND(G'bC, G-CARl)

G-F1 = XNOR(G'CAR_, G'PG1)

A = NOT ,G2;

F2 = NOT (NANDF(P2, A) XOR ANDF(CAR2, FC))I

G-PG2 = NAND(G-P2, [NV(G-G2)

G-CARC = AND(G-P'C, G-CAH2)

G-F2 = XNUR(G-CARC, G-PG2)

A = NOT ,G33

F3 = NOT (NANDF(P3, A) XOH ANDF(CAR3, FC]);

G-PG3 = NANO(G-PJ, [NVCG-G3)

G-CARD = ANO(G-r'C, G-CAR3)

G-F3 = XN_RCG-CARD, G-PG3) 165



INV(FOBpFO]S
G-FOB = NOT(G-F0}

INV(FIBwF1];
G-FIB = NOT(G-FI)

ZNV(F2B,F2};
G'F2B = NOT(G'F2)

INV(F3BeF3]3
G-F3B(P-]I] ffi NOT(G-F3}

[ ALU MAGNITUDE CHECKER OUTPUTS

.F3Pf. F38_
NOR4(TEMPeFOHeFIBeF2B_F3B)I

eFEUfo.FEO AND .TEMP_
G-FEO(P'11] = NOM(G'FOBe G'FIBw G'F2B, G'F3B)

[ DESTINATION CONTRUL bOGIC

INV(IbB,eZ6}I ZNVCITB,eII}_ ZNVCNSe.IB}_
G-IbB = NOTCP'5)

G-ZTB ffi NOT(P-G)
G-N$ = NOT(P-7)

I_V(IbBB,16B); NOR(_D,.[7eNS}$

G-IbBb = NOT(G-IbB}

G-BD = NOR(P-6e G-NS)

NORCBU,NSeZTB}_ NANOCkEeNSeI7B)_
G'6U = NOR(G'NSe G'ZTB)
G-RE = _AND(G-ITB, G-NSJ

ANDR(¢EMP,RE,NS); NOR(QEpi6_BwTEMP)_
G-G¢ = AND(G-RE, G-NS)

G-QE = NOk(G-I6BBe _-GT)

NAND3(BFwMEeI6BeNS]_
G-SF = NAND(G'IbBe G'REe G-NS)

ANDR(WE,RE,CLBB};
G-WE = AND(G'REw INVCG-CL_B})

!

!

3LE 46 (CONT'D)

!

TEMP : NO'_ ,SD;

SFB = NOT .SU;

ORR(.GO,OOL,YEMP);
GT$'QO(P'21) = NO¢(FF'OO*};

ULS.b_W(G'50}

ORR(.Q3,Q3L,SFB)_
G¢5-Q3(P=16) = NUT(FF-Q3*}_-

DI_.LOW(G-SU]

ORR(.RAMOeFOB,TEMP)_
GTS'RAMO(P'9) : NOT(G'_'UB)_ 166



! DIS.L_w(G-SD)

ORR[,MAM3,F3B,SFB]I

GTS-RAM_{P-8] : NUTCG-F3B);

DIS.LOw(G-SU]

CHIP DATA OUTPUT

INV(SFB,SF);

G-SFB = NOT(G-SF)

INV(CE,,CEBAR);

G-CE = NO_C_-40]

B = (NOT(ANDF{SF, F0) OR ANDF(SFB, AO_)));

TEMP = NOT ,CE;

OHR (.YO, B, IEMP)_

G-YOA = AND(G-SF, G-FO)

G-YOB = A_D(G-SFS, G-AO_)

G-YO(P-J6) = NOR(G-_0A, G-YOB); DIS.bOW(G-Cb)

B = (NOT(ANDF(SF, FI) O_ ANDF(SFB, AIB)));

TEMP = NOT .CE;

ORR (oYi, B, TEMP)_

G'YIA = AND(G-SF,. G'FI}

G'YIB = AND(G'S_B, G-AIB}

G'Y1(P'37] : NOHCG'XIA, G-YIB}; DI@.LOwCG'CE)

B = CNOTCANDF(_F, F2] Ok ANDF[SFB, A2B]}]S

TEmP = NOT ,CE_

ORR (,¥2, B, TEMP};

G'Y2A = AND(G'SF, G'F2]

G'Y2B = AND(G'SFB, G'A2B]

G-Y2(P-3B) = _OR(G-¥2A, G-Y2B]; DIS_LOW(G-CE]

!

END;

B = CNOT{ANDF($F, F3] OR ANDF[SF8, A3B]));

TEMP = NOT ,CE;

ORR {,Y3, B, TEMP);

G-Y3A = AND(G-_Fw G-FJ)

G-Y3B = AND(G-SFBw G-A3B)

G-Y3(P-39) = NOR{G-¥3Ae G-Y3B}I DI@.LOW{G-CE}

G&OBAb ROUTINE TALUOUT(QO,O3,RAMO,RAM3,KeJJ) = novalue =

BEGIN

reoulre "BINDM,H32";

LOCAL TO_'II,T2,13,A,B;

LOCAL GATE;
TABLE 46 (CONT'D) 167



! Q REGISTER SELECT bOGIC

TO = (ANDF(SUt .QO] OR ANDF(NSw FOb) OR ANDFCSDp QIL])I

G-QSUO = AN0(G-SUe GTS-QO)

G-QNSO = ANO(G'NSw G-F0_]

G-OSDO = AND(G-_De FF-Ol)
G-QT0 = _O_(G=QSUOp G-QNSOw G-QSDO}

TI = (ANDF(SUe OOb] OR ANOFCN_o FIB) OR AND_(SDw Q2L))_

G-O_UI = AND(G-_Ue FF-O0)

G-QN_I = AND(G-NSp G-_tu]

G'Q_DI = ANU(G'_D, iF-Q2}

G-OTI = _OR_G'_U1, G-QN_le G-QSDIJ

T2 = (ANDF(_Ue QI&} OH ANDF(NSw FRB) OR ANDF(SDp Q3b])_

G-OSU2 = AND(G-_Uw VF-QI]

G_ON&2 = AND(G-NS_ G-F2B)

G-Q_D2 = ANDCG-SD, FF-Q3)
G-QZ2 = NORCG-QSU2w G=QNS2, G-QSD2)

T3 = (ANDF(SU_ Q2L) OH ANDFCNSw F3B} OR ANDF(SDe ,03])_

G-Q_U3 = AND(G-SUp FF-Q2)
G-QNS3 = AND(G-NSe G-_3B)

G-QSD3 = ANDCG-_De GT_-_3]
G-QT3 = NOR(G-_U3e G-uNS3_ G-QSD3]

| O REGZ_TER

A = NOT ,C_B_ A = ANDF(A_ QE]_
G-OC_K = AND(INVCG-CbB)_ G-QE)

OO& = [,TO AND ,A) OR (,GO& A_D NOT ,A]I

FF-QO = DCDATA=G-QTO_CbK.UP=G-QCbK)

INVCOO@_ QOb)I

O_b = (,If AND ,A) UR (,Of& AND NOT ,A)_

FF-QI = DCDATA=G-O_I_CLR.UP=G-QCLK)

INV(Ole_ UI_]$

TABLE 46 (C0NT'D)
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Q2L = (,T2 AND ,A) OR (,02L AND NOT ,A)I

YF'02 = D(DATA=G-_T2pCLK.UP=G'QCLK)

INVtQ2B_ _2b);

G3L = (,T3 AND ,A) OR (,Q3b A_D NOT ,A);
FF'Q3 = DCDAIA=G-QT3pCLK.UP=G'QCbK)

[NV(O3Bw _3b);

! HAM MUbTIPLEXOH bOGIC

TO = (A_DF(_U, oRAMO) OH ANDFCN3, FOB) OR ANDF(3De FIB));

G-TSUO = ANUCG-_U, GT3-HAMO)

G-TNSO = ANOCG-NSw G-_O_)

G-TSDO = AND(G-SDe G-Ftd)

G-TTO = NUR(G-T_UO, G-TNSOe G-TSDO)

TI = {ANOF(SIJ_ FOB)" O_ ANUFCNS, FIB) Or ANDFCSDp F2B)')I

G'T_UI = ANP(G'SU, G-FOB)

G-TNSI = ANDCG'NS, G-Ftd)

G-TSDI = AND(G'@D, G-_2B)
G-TT1 = NuR(G-T3U1, G-TNSI, G-TSDI}

T2 = (ANOFCSU, FIB) OE ANDF(N3, F2B) OR ANDF{SD, F3B))_

G-TSU2 = AND(G'SU, G-FIB)

G-TN82 = ANOCG'N_w G-F2B)

G-T@D2 = ANDCG-@D, G-F3_)

G-TT2 = NOR(G-TSU2, G-TNS2, G-TSD2)

T3 = (ANDF(SUe F2B] OR ANDF(NS, F3H). OR ANDF(SDw ,RAM3));

G-T_U3 = AND(G-SUp G-F2B)

G-TNS3 = ANO(G-N_ G-F3B)
G-T_D3 = AN_(G-_U, GTS-_AM3)

G-IT3 = NOR(G'T_U_, G-TNS3, G-TSD3)

CAbL THE RAM 5UBROUTIN_

GATE = ANDFCBMUL, T, WE)I

! G-ATEI = ANU(G-BMUI-,'IO, G-_E)

TABLE 46 (COtIT'D) 169



R_O _ ¢oRMQ AND NOT .GATE) O_ (.TO AND oGATE)_
! FF_RMUO _ D(DATA_G"_TOeCbK.UP_-ATEI]

R_0÷64 = (.(RMO+64] AND NOT .GATE) UR (.Tt AND .GATE);

! FF-RMU16 = D(DATA=G'TTIpCbK.UP=G-ATEI)

RM0+128 = (,CRM0+1283 AND NOT .GATE} OR (iT2 AND .GATE);

! FY-RM032 _ D(DATA=G-TT2wCbK.UP=G-ATE1)

RMO+192 = (,(R_0+192) AND NOT .GAEE) OR (,T3 ANO ,GATE)_

! FF-RM048 = D(DATA=G-TT3eCLK.UP=G-AT_I]

GATE = ANDF((_MU6T+4), _E}_

! G°ATE2 = ANU[G-bMU6T1, G-*E)

RMO+4 = (,(R_O+4) AND NUT .GATE) OR (.TO AND .GATE);

! FF-RMO1 = D(DATAuG-_TOeCL_.UP=G-ATE2)

RMO+68 = (.(RMO+6H} AND MOT .GATE) OR (.rl A_D ,GATE];

! FF-RM017 = D(DATAffiG-T_IsCL_.UPffiG-ATE2)

R_0+132 = (o(RMU+132} AND NOT .GA'EE) OR (.T2 AND ,GAT£)_

! FF-RM033 = D(DAZA=G-TT2eCLK.U_=G°AT_2)

RM0+196 = (.CRMO+I96) AND NUT ,GATE} OR (oT3 AND ,GATE)_

! FF-RM049 = D(DATA=G-TTJwC_R.UP=G-ATE2J

GATE = ANDF((BMULT+8)w WE}_

! G-ATE3 ¢ ANDCG-BMU_T2p G-_E)

RMO+8 = (,(HMO+8) AND NOT ,GATE) OR (tTO AND .GATe);
! FF-R_02 = D(DATA=G-TTOeC_.UP=G°ATE3)

RMO+72 ¢ (o(RRO+72) A_D NO_ ._A¢_) OR (.T_ AND oGATE);

| FF-RMOIB : D(DATA:G-TTleC_K.UP:G-ATE3)

R_0÷136 = C.C_M0÷136) AND NOT ,GATe) OR (.T2 AND ,GAT_)_

! FF-RMO34 = D(DATA=G-TT2,CbK.UP_G-AT_3_

RMO+200 = (.(R_O+200) AND NUT ,UAI_) OH (.T3 AND ,GATg)@
! FF-RM050 = D(DATA=G-TT3,CbK.UP=G-AT_3)

GATE = ANUF'C(HMUr.T+.L2}_ wEJ,'

! G°ATE,t -- AND(G-I_MUL,'.r3_ G-,F-)

TABLE 46 (CONT'D)
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RMO+I2 = (,(RMO+12)-AND NUT ,GATE) OR (.TO ANO ,GATE);

! FF-RM03 = D(DATA=G'TTO,CbK.UP=G-ATE4)

RRO+Tb = (.(RMO+7b) AND NOT ,GA_E) OR (,T1 AND qGATE);

| FF-RMOt9 = D(DATA=G-TTI_C_K.UP=G-ATE4)

RMO÷140 = (,CRMO+1403 AND NOT ,GATE) OR CoT2 AND .GATE);
! FF-RM035 = D(DATA=G-TT2eCLK.UP=G-ATE4)

RMO+204 = C,CRMO+204) AND NOT ,GA'[E) OR C,T3 AND ,GATE);

! FF-RMO51 = UCDATA=G-TT3eCbK.UP=G-ATE4)

GATE = ANDF((_MULT+Ib), WE};

! G-AEE5 = AND(G-bMubT4e G-wE)

RMO+lb = (,(RMO+16) AND NOT ,GA_Ej OR C,TO AND ,GATE]_

! FF-RM04 = D(DATA=G'TTO,CbK.UP=G-ATES)

RHO+80 = (,(RMO+80) AND NOT .GATE} OR (,TI AND ,GATE);

! FF-RMO20 = D(DATA=G-TTI,C_K_UP=G-ATEb)

RM0+144 = (.(RM0+1443 AND NOT ,GATE) OR (,T2 AND ,GATE);

! .- FF-RN036 = DCDATA=G-TT2wCbK.UP=G-ATES)

RNO+208 = (,(RMO+208) AND NOT ,GA_E) OR (,T3 AND ,GATE);
! FF-RRO52 = D(DATA=G-TT3,CbK.UP=G-ATEb) '

GATE = ANDF((bMULT+20)e WE];

! G-ATE6 = AND(G-BMULTS_ G-*E)

RRO+20 = (,(R_O÷20) AND NOT ,GATE) OR (,TO AND ,GATE);

! FF=RM05 = D(DATA=G'TTOeCb_.UP=G-ATEO)

RMO+84 = (,(.RMO+84) AND NOT ,GATE) UR (,TI AND ,GATE);

! FF'R_021 = D(DATA=G'TTI,CLK.UP=G-ATE6)

R_0÷148= (,CRMU+I48) AND NOT ,GAZE) OR (,T2 AND ,GATE);

I FF'RMO37 = D(DATA=G'TT2eCbK.UP=G-AT_6)

RM0+212 = (,(RM0+212) AND NUT .GA_E) UR (,T3 AND ,GATE];

! FF'RHU53 = DCDA_A=G'TT3,CbK.UP=G-ATEb)

iBLE 46
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GATE = ANUF(C_MULT+24)w WE);

! G-A_E7 = ANDCG-BMUb¢6p G-wE)

RMO+24 = (,(RMO,243 AND NOT ,GAIE) OR (,TO AND ,GATE); 171



FF-RMO0 = D(DATA=G'_TU,CLK.UP=G-ATET)

RMO+88 = (,(RMO+88) AND NOT .GATE) OH (.TI AND .GATE);

• FF-RMO22 = DCDATA=G-T_XwCLK.UP=G-ATET)

RM0+152 = (.(R_0+152) AND NUZ ,GATE) OR (.T2 AND ,GATE);

• FF-RM038 = D(DATA=G-TI2,CLK.UP=G-ATET)

RM0÷216 = C,CRMO+21b) AND NOT ,GATE) UR (,T3 AND ,GATE);

• FF-RM054 = D(DATA=G-T¢3tCLK.UP=G-ATET)

GATE = ANDF(C_MULT+28)w W_);

G-A_E8 = AND(G-BMUb77p G-_E)

RMO+28 = (,(RMO÷2B) AND NO'I ,GAZE) OR (,TO AND ,GATE);

, FF-_MU7 = D(DATA=G-TTUwCL_.UP=G-ATES)

RMO÷92 : (,(RMO+92) AND NOT ,GAZE) OR (,TI AND ,GATE);

FF-RM_23 = D(DA_A=G-T_IeCLK.UP=G-ATES)

RM0+156 = C.(RMO+ISb) AND NUT ,GA_E) UR (,T2 AND .GATe);

! FF-flM039 = D(DAZA=G-ZZ2wCLg.UP=G-AZEa_

RMO+220 = (,(RMU+220) AND NOT ,GATE) GR (,T3 ANO ,GATE);

i FY-RM055 " D(DATA=G-T_3pCLK.UP=G-ATES)

GATE = ANDF((BMULZ+32)w WE);
! G-ATE9 = AND(G-BMULTSp G-wE)

RMO+32 = (,CRHO+32) AND NOT ,GATE) OR (,TO AND ,GATE);
| FF-H_U8 = D(DATAaG'TTOwCLK.UP=G-ATE9)

RMO+96 = (,(PMO+9b) AND NUT ,GATE) OR (.TI AND ,GATE);
! FF-RM024 = DCDA¢A=G-T¢I_CbK.UP=G-A_E9)

RRO÷_60 = (,(RMO+160} AND. NOT ,GA'EE) UR C,T2AND ,GATEJ;

FF-RM040 = DCDATA=G'¢I2_CbK.UP=G'ATE9)

RH0+224 = (.(HM0+224) AND NUT ,GA_E) OR (.T3 AND .GATE);

! FF-RMOb6 = D(DA_A=G-T_3_CLK.UP=G-ATE9)

_BLE 46
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GATE = ANDF((BMUGZ+36)e wE);

! G-ATEIO = AND(G-BMULT9_ G-WK)

RMO+3b = (,(RMO+3b) AND NOT ,GATE) OR (,TO AND ,GAZ_)_

| FK-RMU9 = D(DATA=G-I'IO,CL_.UP=G-A'IEIO) 172



r

RMO+IO0 -- C,(RPO+IO0) AND NUT °GATE} OR (eTl AND ,GAT_)$

FF-RM025 = D (DATA--G-T¢ 1 e CL, K.UP=G-ATE; 10 )

RM0+164 m (,CHMO+I64) AND NUT ,GATE} UR (,T2 AND ,GATE};

FF-_MU41 = D(DATA=G-T_2eCLK.UP=G-ATEIO)

_M0÷228 = (,(RM0+228) AND NOT ,GA_E) OR (,T3 ANO ,GATe);

FF-RMOb7 = D(DA_AfG-TI3,CLK.UP=G-ATEIO)

GATE = ANDF((BMUGT+40)_ WE);

G-ATE11 = AND(G-BMUb_IO, G-wE)

RMO÷40 = (,(RMO+40) AND NOT ,GA_E) UR (,TO AND oGATE);

FF'_MOIO = DCDAIAmG-T_O,CbK.UP=G'ATg11)

RMO+I04 = (,(RMO÷I04) AND NUT ,GATE} OR (,TI AND ,GATe};

FF-RM026 = D(DATAfG-TT1,CLK.UP=G-AT_11)

RMO+tb8 = (,(RMO+lb8} AND NOT ,GATE) OR (,T2 AND ,GATE;;

! ¥F-R_U42 = D(DATAmG-TT2pCbK.UP=G-ATE11}

RMO+232 = (,(kMO+232) AND NUT ,GA_[) UR (,T3 AND .GATe);

! FF-EM058 = DCDA_A=G-TT3pCbK.UP=G-AT[11)

GATE : ANDFCC6MUbT+44), WE};

! G-ATEI2 : ANDCG-BMULTIle G-WE).

RMO+44 = C,(RMO+44) AND N_T ,GATE) OR (,TO AND ,GATe);

! FF-RMGll = D(DA_A=G-T_O,CLK.UP=G-AT£12)

RMO÷108 = (,(RMO+IOS) AND NUT ,GATE) OR (,T1 AND ,GATE);

! FF-RMU27 = D(DATA=G-TTIeCbK.UP=G-ATE12)

RMO+172 = (,(RM0+172} AND NOT .GATE) QR (,T2 AND .GAT_)I

! FF-RM043 = DCDATA=G'T_2eCbK.UP=G'ATE12)
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RM0+236 = (,(RMO+23b) AND NUT ,GATE} UR (,T3 AND ,GATe);

! FF-HM059 = D(DATA=G-TIJ,CLK.UP=G-ATE12)

GATE = ANDF((BMULT+48)e W_);
! G-ATE13 = AND(G-BMUb_I2e G-WE)

RMO+4B = (,(RRO+48) AND NOT ,GA_} UR (,TO AND ,GATe);

! FF-HMOl2 = D(DA_A=G-T_O_CLK.UP=G-ATEI3)
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RMO+II2 = (,CNMO+112) AND NUT ,GATE} OR (,TI AND +GATE};

! Fk'-HMU28 = DCDA_A=G-TTteCLK.UP=G'ATE13)

RM0+176 = (,(RMO÷I76) AND NUT .GATE} OR (,T2 AND ,GATE);

! FF-RM044 = D(DA_A=G-TI2eCLK.UP=G-ATE13)

RMO+240 = C,CRMO+240) AND NUT ,GATE) OR (.T3 AND ,GATE);

! FF-RH060 = D(DATA=G-TI3pCLK.UP=G=ATE13)

GATE = ANDF(CBMUbT+52), WEJ;
! G-ATE14 = AND(G-BMUbTI3e G-WE)

RMO÷52 = (,CRMO÷52) AND NOr ,GATE) UR (,TU AND ,GATE);

! FF-RMUI3 = D(DA_AmG-T_OwCbK.UP=G-ATE14)

RHO+II6 = (,CRMO÷Ilb) AND NUT .GATE) OR C,_1ANU .GATE);

! FF-R_029 = DCDATA:G-TIIwCLK.UP:G-ATEI_)

RMO+IBO = (.(RMO+180) AND NUT ,GATE) OR (,'r2 ANO ,GATE);

| FF-RR045 = D(DATA=G-TI2+CbK.UP=G-ATE14}

RM0+244 = Co(RMO+244} AND NUT ,GA'gE} UR C,T3 AND ,GATE);

! FF-RMO61 : D(DATA:G-TT3,CbK.UP=G-ATE14)

GATE = ANOF((B_ULT+56)w WE);

| G-ATE15 = AND(G-BMUbT14e G-WE)

RMO÷56 = (,(RMO+5b) AND NOT ,GATE) UR (+70 AND ,GATE);
! FF-HMO14 = D(DATA=G-T_OeCbK.UP=G-ATEtS}

RMO+120 = CoCRMU+120) AND NUT ,GATE) OR CoT1 AND .GATE);
| FF-RM030 = D(DATA=G-TTleCLK.UP=G'ATEtS)

RM0+184 = C,(H_U+184) AND NUT ,GA_E) OR (,T2 AND ,GATE);

| FF-HMG4b = DCDATA=G-T_2eCbK.UP=G-ATELS)

RM0+248 = (,(RMU÷248) AND NUT ,GATE} OR (,T3 ANU ,GATE);

! FF-RM062 : D(DATA:G-TIJ,CbK.UP=G'ATE15)

GATE = ANDF((BMU6T+60), WE);
| G-ATE16 = AhD((;-BeUbTISe G-*E)

RRO+60 = (,(RMO+60) AND NUT ,GA_E) OR (,TO AND ,GATE);

! FF-_MOI5 = D(DATA=G-T_O,CbK_UP=G-ATElb)
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RM0+124 = (.¢RM0+124) A_D NOT ,GATE} OR (.Tl AND .GATE);

! FF-RM031 = D(DATA=G-T_leCbK.UP=G-ATEIb)

R_0+188 = (o(R_0+188) AND NOT ,GA_E) OR (,T2 AND ,GATE);

! FF-RM047 : D(DATA:G-TT2eCbK.UP=G-ATElb)

R_0+252 = (,CRM0+252) AND NOT oGATE) OR (,T3 AND ,GATE);

! FF-R_O63 = D(DATA=G-TT3eCLK.UP=G-ATElb)

ENDt

!

[

! S END CHIP S

NOTEI 50UHCE DAIA - ADVANCED MICRO DEVICES

"THE AM2900 FAMIbY DATA BOOK"

AND ATTACHED DRAWINGS

[NO EbUDOM
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APPENDIX C

TIMING AND CONTROL CARD CHIP LIBRARIES

IN EMULATION SYNTAXAND IN BLISS
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$ CHIP DEFINITION $

TYPE=

FAMIbY=

PO_ERZ

DESCRIPTION_

ONOSED PIN_=

fUNCTION@=

74.b_.00

TTL

VCC = P-14p

QUAD 2-_NPUT

NONE

G-OI(P-3) =

G-O2(P-6) =

G-O3(P-8) =

G-O4(P-11) =

GND : P-7

PO_tTIVE-NAND

NANU(P-ie P-2}

NAND(P-4e P-5)

NANO(P-ge P-IO)

NANDCP-12, P-t3}

$ END CHIP $

GATE3,

TABLE 47
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$ CHIP DEFINITIUN $

TYPEZ 74.&_.OR

FA_IbY_ TTb

PO,_MZ VCC

DE_CRIPTIONZ QUAD

UNUSED PINS: NONE

= P'14w GND = P'?

2-&NPU_ POSITIVE'AND GATg3.

FUNC_ON_:

?

G-OI(P-3)

G-O2(P-6)

G-OJ(P-8)

G-O4(P-11)

= AND{P'I_ P'2,]

= AND(P'4t P'5)

= ANU(P'9w P'tOp}

= AbO(P'12_ P'%3)

$ END CHIP $

TABLE 48
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$ DEFINE CHIP $

TYPE:

FAMILY:

PO_E_=

DESCRIPTION=

UNUSED PINS:

_U_CTIUN3t

74.S--I0

TTL

VCC =

TRIPbE

NONE

GND = 7

POSITIVE NAND GATES,

G'O1(P'12)

G=U2(P'b)

G'O3(P'8)

= ANO(P'1, P'2, P'I3)

= ANO(P'3w P-4, P'5)

= AND(P'9, P-IO, P'I1)

S END CHZP $

TABLE 49
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S CHIP DEFININITXON $

IYPE_

FA_ILYI

PUwEH|

DE_CHIPTION_

UNUSED PIN_I

FU_CIION@_

74.&_.11

TTL

VCC =

TRIPbE

NONE

P-14, GND = P-7

3-INPUI POSITIVE AN[)

G-Q$(P-12)

G=O2(P-b)

G-O3(P-8)

= AND(P-t, P-2, P-t3)

= AND(P-3, P-4, P-b)-

= AND(P-9# P'lO, P-%I)

$ END CHIP $

GATES,

TABLE 50
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$ CHIP DEFINITION $

TYPE=

FAMILY=

POWER=

DE_CRZPTZON=

=UNUSED PZN_=

74_S.20

TTL

VCC = P'l_, G_D = P-7

DUAD 4-INPUT POSITIVE-NAND GATES.

P'3, P'l!

FUNCTIONS=

G-Or(P-6) = NAND(P-1p P-2p P-4p P'5]

G'U2(P'8) = NAICD(P-9, P-IO, P-t2e P'13)

S END CHIP $.

TABLE 51

181



$ CHIP DEFINITION $

IYPE:

POwE_

OE_CRIPTIONZ

UNUSED PIN_:

74_S.37

TTb

VCC = P'14e

UUAD 2-INPUE

NONE

GND = P-7

PO_ITIVE-NAND

FUNCTIONS=

G-OI(P-3)

G-O2(P-b)

G-O3(P-S3

G-O4(P-11)

= _AND(P-tw P-2)

= _A_D(P-4s P-b)

= NAND£P-9p P-lO)

= NAND(P-12e P-13]

BUFFER3.

$ END CHIP

TABLE 52
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$ CHIP

TYPE;

FAMIbY_

PO*ER:

OE_CRIPTIONI

UNUSED PIN_

D£FINITION $

74_40

TTL

VCC = P-14, GND = P-7

DUA& 4-INPUT POsirlVE-NAND BUFFERS,

P-3, P-l%

@U_CIION@_

G-OI(P-6} = NAND(P-Iw P-2e P-4e P-5)

G-O2(P-8) = NA_D(P-g_ P-lOw P-12e P-13)

$ END CHIP $

TABLE 53
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APPENDIX D

BOX930 PROCESSORDESCRIPTION
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This Appendix contains:

o Table of card labels and their respective position designations,

o Card file interconnections, and

0 Description of each external connection pertaining to the BDX930

processor as emulated.

185



CARD ASSIGNMENT TABbE

TIMING AND C_NTMOb

CPL!

TABLE 54
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CARV INTERCONNLC_ION TABbE

SOURCE

Jg-SA

Jg-25A

J9_30C

JIO-3B

j_O-2_B

JIO-IOB

JIO-41A

J_O-42A"

JIO-43A

_0-44B

010-47B

,]I0-48B

JIO-49B

FEEDS

-> JIO-44A

-> J_O-tTA

-> JlO-29b

-> JU9-15C

-> JtO-BA

-> jIO-4bA

-> JO9-t6C

-> J09-21C

-> J09-24C

-> jU9-25C

-> JOg-2IB

-> J09-23C

-> Jug-4C

HdUF

EU[]_=

FbAGISA_[=

tJ29

b28

u28_

U30=

u21,

U27

TABLE 55
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COmPuTeR CUNNECTOR PINS

CON_ PIN

J9-19C

J9-22C

J9-276

J9-27C

Jg-55A

JIO-IA

JIO-2A

JlO-2b

JlO-3_

JIO-4A

jIO-4B

JIO-5A

JIO-5B

JIO-6A

Jlo-eo

jIO-7A

Jtn-7b

JIO-gA

JI0o98

JIO°IOA

JIO=IOB

JIO=IIA

JlO-lI8

J10-12_

JlO-12a

JI0-I3A

,110-13_

,Jl0-14a

SIG IDFNT

QIO#

QII=

QIOIN_

_EM_

INP

EXTt

LINK

EXT2 o

EXT3

_AR03*

PFFIN

MAR02*

HLTP*

_AROI_

EX*

_ARO0*

DATO1

ZERO

FLAG2

I_00

DAT04

AI

OAT05

I_nl

OAT07

_AR07_

I3

IC PIN

U04 - 5

U J2 - 6

UO5 - 0

U38 - 9

U32 - 8

U13 - b

U72 - _

U13 - 8

U12 " 3

U'12 - 2

U_3 - 1_

H06 - 8

!J43 - I_

U65 - 12

U43 - td

U19 - 11

U43 - 20

U37 - 17

U09 - 7

U71 - 8

U25 - 11

U37 - 8

U20 - b

U37 - 7

U25 - 5

U37 - J

U42 - 14

UIq - d

FUNCTION

OUTPUT

OUTPU£

nUTPUT

OUTPUT

OUTPUT

OUTPU£

INPU_

OUTPUt

I_PUT

INPUT

OUTPUT

OUTPUT

OUTPUT

CUT_UI

OUTPUT

OUTPUT

OUTPUT

I/O

OUTPUT

OUTPUT

OUTPUT

I/O

Ir_PUT

I/O

OI]TPH'f

1/O

OUTPU_

OuTPU_
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,110-15A.

J10-15_

JI0-1_>A

JlO-lb@

J10-17R

J10-1UA

JI0-.1 _B

JIO-19A

j1n-19A

dlO-20A

JIO-20B

JlO-21A

J10-21_-

J10-22_

JlO-22R

JIO-23A

JIO-23F_

J10-24_

JIO-25A

JI0-25B

JI0-2_A

J10-26B

J10-27A

d10°27R

JIO-29A

JIO-30A

JIO-3UPJ

JIO-31A

JlO-3tR

JtO-33A

ETZ_*

_AR06_

12

_AR05_

_ARU4_

COND

TOR*

TE_T*

TUR*

ELSB*

TIB_

_SPC*

DAT03

ESTHT*

PAT02

EBCM*

A

ARM

HALT*

READY

TSSR

OATO0

aUV

A*

DAT12

DATI1

0_T13

U46 ',, l

I]42 - lu

Ub6 - 4

U42 - 18

U42 - 20

U49 - 3

U20 - d

b48 ° !.3

U20 - II

U70 ,, 4

U20 ',, h

U70 - 3

tJ37 - 13

U70 - 2

U37 - 1,_

U7O - 1

U13 - l

Ub3 ,,, l

U,_8 - 9

U09 - 17

U48 - 6U

IJO9- IwJ

U48 - 0

U37 - 18

U48 ,, 3

U09 - '_

U3@ - 15

U36 -

U36 - 13

U 36 - I

OUTPUT

OUTPUT

OUTPUT

OUTPUT

ObTFUT

OurPLIT

ObTPUT

INPUT

OUTPU_

OUTPUT

OUTPUT

OUTPUT

[/0

_UTPUT

I/O

()U_PUI

INPUT

INPUT

OUTPUT

INPUT

OUTPUT

INPUT

OUTPUT

I/O

INPUT

OUTPU_£

INPU'[

I/O

I/O

I/0
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JI0-33_

JIO-3,A

J10-34B

JIO-3bA

JIO-35B

JlO-3bA

J10-38R

JIO-37A

JIO-BSA

JlO-3bB

JIO-39A

Jt0-398

JIo-40A

JLO-40B

dlO-41B

JIO-42B

JI0-4_8

,IiO-4bS

JlO-4bA

JIO-4IA

JIO-4BA

,IIO-49A

JIO-50A

JIO-50B

JlO-SIA

J10-StS

JtO-52A

d10-52S

JIO-53A

JlO-53B

JIO-54A

DAT09

DATIO

DATUR

FOV

nAT14

_ARIO_

RPTUV*

DAT15

:4AR09*

DATUb

_ARUS_

II

IHO@

SIGN

CUU'_

IH02

I_09

UMA9

UMA8

UMA7

UMA6

U_A5

PuS

U_A4

[_03

IJMAJ

_AE15_

U_A2

_AR145

U36 - LV

U36 - [4

U36 - 1_

U06 - 8

U40 - 14

U36 - 4

U40 - Lb

U04 - 14

u3& - 3

b40 - 18

U37 -

t140 - 2u

ub4 - 11

U25 - 12

UU9 -

tJO9 - I_

U18 - II

U25 - 4

U15 - 15

u15 - 19

u15 - I_

U15 - 17

u15 - !o

UOO - 1

U15 - b

Ut_ - 5

UI5 -

U39 - 1_

Olb - .3

u3q - 1o

b15 - 2

I/O

I/O ,

I/O

OUTPUT

OUTPUT

I/C

OOTPIJ[

nUTPUT

oU'rPUI

I/O

OUTPUT

OuTPUI

OUTPUT

OUTPUT

OUTPU_

OUTPUT

OUTPU_

OUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPU_

INPUT

OUTPUT

OUTPUT

(JUTPUT

(_IjTPU;r

OUTPUT

UUTPUT

UUTPUI
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J10-54B

JIO-5bA

JlO-SbB

U_AU

Uj9 - 14

U15 - I

U39 - )u

OUTPUT

OUT_Ur

OUTPUT

TABLE 56 (CONT'D)
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APPENDIX E

CPU CARD DESCRIPTIONS
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This Appendix contains:

o Table of chip labels vs chip types,

o BLISS programs for chip interconnections,

o Table of connections between chips and card connectors, and

o Description of each external connection for JlO CPU card.
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CPU CHIP LABELS

C_IP

Ul
U2
U3
u4

U5

Ub
U;
UB
09

u1

bl

UI
UI

UI

|)i

U}..6
U17
UZR

U20

ID

u2 !
U22
U23
U24
U25

U27
U28
U29
U30

U32
U33
U34
U35

_e

CHIP 'I_P_

54.L5.213
54._.i51
54.5.151
54.L_.02

54.L3.113
54.bS_lb,3

54.L5.2"/3
54.LS.175

5_.LS.253
54.LS.gb

54.BS.l_J
5_.L5.472

54.bS.273
54.LS.175
5_.LS.153
5_.L5.08
54.kS.Or

5_.L5.109
54._._72
54.LS_273
A_.2902

54._.32
5__bS.Ib9
A_.2901.A
54._S.374

5,_.,,,5.314
AM.290t.A
54.b,5.374
54.L5.3 14
Am.2 go 1.A

TABLE 57
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CHIP ID CHIP 'IYP_

U36

U37
U31_

U39

U40

U41

U42

tl,i]

U,i4
U45

U,_6
U47

U_g
U49

[J50

list
U52
USJ
U_4

U56
U57
U58
lib9
U60

UO 1
Ub2
Uo3
Uo4
Ub5

U(_6
U_7
[168

[_!69
[J70
U71
U72

==

==

==

==

==

l

==

==

==

==

54.bS.374
5_.b8.374
A_.2901.A
9407
9_07

54._.02
9407
9407

54.LS.Sb
54._.472

2b.bS.3"ll
54._S.158
54._.04
54.a.00
5_.L_.352

54.b5.352
54._.472
_4.b_.314
b_.LS.158

54.&8.02
54.b5.352
b4.bS.352
25.b.472
54.b5.273

54.12_
54._.20
54.LS.OO
54.b3.11

54._.472
54.L5.175
54.LS.175
54.b$.3_7
54.3.28e
54.bS.113
54._S.Ibl
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_ODULE Plr (LANGUAGa(%BLISS36(BLI_836)
%BLISS32(bL£_S32)
%6LI_S16(SLISS16)),
addresslng.moae(external = lonq.relative,

nonexTernal = lonq.relative) _ =
BEGIN
GLOBAL _OUT£N_ PA_TT! z novalue =

UEGI_ %( AoDRE_S GENERATE PARTITION )%

| THZ_ PAHTITION CONTAINS THE FULLO,[NG COMPONENTS_
! THE ADDRESS PROC£_SOR;
| THE I_STRUCTION REGISTER

require "GbO_Ab,R32";
require "RTNEST,H32"7

external routlne TCJ52,TC158,TC9407;

UWN
FMEA1, FHEA2w

OWN
DDO0, DDOIw
DO13, DD20w
DO32, DDJ3p

d = O_ K = 789_

FMEA3_. FMEA4w O, K;

0002, DO03, OOl0, DDll, DDI2,
DO21, DD22, D023, DD30, DD31,
CI, CO, A, GND;

CPU BOARD
! PARTZTION 1

OUTPUT DESTINAT ION • SIG NARE"

! GENERATE SELECT PULSES FOR bOW ORDER BITS

NAND(FREA3wU21,U22,O); dADD(J,4);

U20 - 3 -> USO - 14, U51 - 14,
US"l - 14w U58 - 14

"FMEA3 n

TABLE 58
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! OUTYUT DESTINAIION "SlG NAME p

! SELECT bOW ORDER EIGHI BIT3 OF ADDRES3

TC352(ETDXNwU20eTe¥OIeIROIwIROteDDOleGND,DDOOe
IROOelROOeXOOeU24eFMEA3eFeJ)|

U58 - 7 "> U43 " 19
U58 - 9 o> U43 " 21
VCC -> U58 " 3e
GND -> U58 " 15

U58 " 13

TC3b2(E7DINeU2OeTe¥O3fIRO3wIRO3,DDO3,GNDpDD02,
IRO2wIRO2oyO2oT,FMEA3wETDINIJ);

U51 - 7 -> U43 " 15
U51 - 9 "> U43 " 17
VCC -> U51 - 3e U51 o t3

TC]52(E7DIN,U20,TeYUS,IROS,IRO3,DDlt,GND,DDIO,

IRO3,IRO4,¥O4,T,FMEA3,E7DIN,_);

U57 - 7 -> U42 - 19
U57 - 9 -> U42 - 21
VCC -> U57 - 3e U57 -'13

TC352(ETDIN,U20,T,¥O7,IRO7,IRO3,DD13,GNOwDD12,
IRO3,IRO6,¥O6wTeFMEA3,ETDIN,J)_

USO - 7 -> U42 - 15,
USO - 9 -> U42 - 17
VCC -> USO - 3,

U49 - 10

USO - 13

1 ENABLE LOGIC FOR UPPER HALF WORD ADDRESS

NORCFMEAIeU20NeU21Ned)I NANDCAeDDI3eU20NeJ+4);
NAND(FMEA2,U22eAeJ_8)I JADO(de_2)l

U56 - 13 -> U54 - 1, U47 - 1
U49 - _ -> U49 - 13
U_9 - 11 -> U54 " 15, U47 " 15
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1 GUTPUT D[SZINAT£ON "3IG NAZI"

| UFPER HALF MORD ADDRE3S $¢b_C¢

TC158(FMEAlpT,¥15wDD33wZpX14wDO32eGNDwDD31,
¥13,Z,DD30,¥12,TwFMEA2,J)l

U54 - 4
U54 - 7
U54 - 9
U54 I 12
VCC

-> U39 - 15
-> U39 - 17
-> U39 - 19
-> U39 - 21
-> U54 o 2e

U54 - 11,
U54 o 5
U54 o 14

"DD33"
"DD32"
"DD31"
"DO30"

TC158(rMEA1,T,YI1,DO23,T,XIO,DD22,GND,DD21,

¥09,ToDD20,¥O8,T,F_EA2,J);

U47 - 4
U47 - 7
U47 - 9
U47 o 12
VCC

-> U40 - 15
-> U40 - 17
-> U40 o 19
-> U40 - 21
-> U47 o 2,

U47 " 1i,
U47 " 5w
U47 o 14

"DD23"
"DD22"
"_D21"
"DD20"

| GENERATE MICRO fiEbECZ fOR 9407 -

ANDR(I3,U23,U21,J); ORR(AoU21NeU24eJ ÷4);
NAND(IleA,U23N,J+8); JADD(J,12);

U19 - 8 -> U39 - 5, U40 - 5,
U42 - 5, U43 o 5e
PIO - 14A

U27 - 11 -> U64 - 12

U64 - 11 -> U39 - 3, U40 - 3,
U42 " 3, U43 " 3,
PIO - 40A

"13"

"I1"
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! OUTPUT DESTINATION "$1G NAZI'

l EXECUCE 9407 MEROR¥ ADORESS GENERATE

TC9407(EXNeFelIeI2,I3eEOReANCLKeOOOeDOIeDO2eD03,
.K,COeMARO3eDDO3pMARO2eDDO2rAAROI,DD01o
AAROOeDDOOeFeAPU2eJ)I

U41 ° 4

GND o>

"> U39 ° 7w 017 " 9, U29 " 15,
U40 " 7w U16 - Llw U32 - 15,
U42 " 7_ UIO " 9, U35 o 15,
U43 o 7, U23 " 11, U38 - 15e
U2 o 11, U53 9 11e _60 o 11,
U9 " 11e U67 " ?t 068 " 9e
U28 o 2o U21 " 2p U4b o 11,
P09 o 30b
U41 o 6

MA;"

PLO - 8B

U43 o 13
U43 o 14
U43 o lb
U43 o 18
U43 o 20

-> U39 o 22, U40 o 22, U42 - 22e
U43 - 22

o> U42 - 23
-> PlO - 4B
-> PlO - 5B
-> PlO - bB
-> PlO - 7B

vcc o> U43 - 23

"_MAR"

.MAR03 *"
"MAE02_"
"MAR01_"
.MARO0* e

TC9407(EXNeFwIIeI2,IJeEDRwANCLKwDO4eDOSwDO6eD07,
,K+33,CZwHAHOT,DD13eNARO6eDD12wMAROS,DDIIe
NARU4wDD10,FwCOeJ)t

U42 o 13
U42 " 14
U42 " 16
U42 " 18
U42 " 20

o> U40 " 23
"> PIO o 13_
-> PlO " 158
m> PIO " 16_
-> PIO " 17B

"HAH07*"

WMAH04*"

t
!-
!
!
!

TC9407(£XN,F,IleI2wI3,EDReANCLK,DOSwDOg,OIOeD11,
tK÷66eCOeNAHIleDD23e_ARIOeDD22eMARO9,&D21w
MAROSeDD2OeFeCZeJ)_

U40 " 13 o> U39 o 23
U40 o 14 .o> PlO " 35B
U40 " 16 "> PIO " 36_
U40 - 18 o> PIO " 38_
U40 " 20 "> PIO " 39_

"MARl1 t"

"_AHOSa"
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| OUTPUT DESTINATION "3IG NAME e

TC9407(EXN,F,II_I2,I3,EDReANCLK,D12,D13eDI4eDISp
.K_99eAwMAR15wDD33wMARI4wDD32eMAR13,
DD31eMAR12eDD30eFeCQeJ)I

U]9 - 14
U39 - 16
U39 - 18
U39 " 20

"> PIO " 52B
-> PIO " 53B
-> PIO - 548
°> PIO o 56B "MAM12_"

gNDl
END
ELUOON

t( ROUTINE PAR_NI

TABLE 58 (CONT'D)
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WODUDE P21 (LANGUAGE(%BbISS36(BbI_S36J

%BLISS32(BLIS532)

%_I,L@Slb(oLIS@16)),

addressing.mooe(external = lonq.relatlve,

nonexternal = lona.relatlve} ) =

BEGIN

GLOBAL HOU_IN_ PAHT'I2 : novalue =

_EGIN %( rEICM PARTITION )%

%(

THI@ PARTITIO_ PFRFORM_ THE FETCHING POHTLON UF AN

IN_TRUCTIO_ CYCLE OF THE BOX 9jO COWPUTER,

IT CO_IAIN_ 'IHE FOLLOWING PART_ OF

_Hk COMPUTER_

FLAG AND 6_ATU@ REGI@'IE_

M_MOR¥ DATA BUS

)%

roquire "GLOBAL,r32";

require "R_NE3T,r32";

LOCAL

A, B, C, D, Et ¥A, YBw QION, _IOINN, GND, J_ K, KKI

LOCAL

TTO0, ITOl, "rT02, TT03, TT04, TT05, TTOb, TT07, TTOH,

TTIO, 'ETil, TTI.2, TTi3, TT14, _T15;

TTO9,

external routine TCIS],TCII3,TCJV4,TC2_5_,TC2450,R*MEM,ALU,AbUI,TC257I

EXTERNAL jPA_T;

K = b211 J = O;

I CPU BUARO

| FARTITION 2

! OUTPUT DESTINATION "@IG NAME"

NORCE70IN,U21,1122)I

U56 - 10 "> U50 - 1, U50 - 15, Ubb - 11,

U51 - I, US1 - 15, U57 " I,

U57 - 15., U58 ° 1, UI9 - 13

"E7_I_"

TABLE 59
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OUTPUT DESTINA'_ ION _S:LG .... NAM_ n

AN_R(EXN,ETDINeU2nN)_ NUR(£2wV23N,U24N)_

UI? - 11 -> U39 - lw U40 - 1p U42 - lw
U43 - Ip UO5 - 13w PLU - TAp

U56 " 4 "> U39 " 4w U40 - 4, U42 " 4p
I43 " 4. PL0 " LeAp

EDHN = AND3(U24pU20N,E7DZN)_ INVCEDReE[)RN)I

Uo5 - 8 -> U3A - le U37 - lp U4H - 5 "£DH*"
1.148 - O "> U39 - bl U40 - be U42 " bw "ED_"

b43 - be PIO - 2oA

! PRCGRAM COUNTER FEEdbACK PORTION OF 9407S

KK = 789; ! SET 5TOkAGE POINTER TO PAETITION 1

tC257([2eST[.KK]eST[.K_+4JpDUOpST[.KK+l]pST[.KK÷bJwDUte* KK÷]2_

I)02wS_[.KK+e]wSTi.KK+2],DO3,5¢[._+7]eST[.K_+3]_EDR)_

TC257([2e_T[.KK÷33]wS_.[.KK+37],DO4wST[.KK+34],S_[.KK+38jeDOb,.K_+65w

DObeSCL.KK+39]pST[._K+35]pDO7rS_[.KK+40Je3T_,_K÷3b]eEG_)_

TC257([2_,ST[.KK+6b] _ST[.KK÷70J_L)OSe_5'r[.RK+E7],ST[.Kk+71J,D09,.i_i_+98

Dr0 _S'£ [ _KK+'I2J ,,ST [ ._l_÷6_J ,Dr I eS7 [ .KK+73J _,ST [..I_K+69J _ r, uR )

TC257(I2,_TL.RK+99]e_[.KK+lO3],DL2e
S_[.KK+I00]_S¢[.KK+X04JeDI3e,KK÷131_

DX4eST[.KK+lOS]e_[.K_+lO1]_D15,
S_[.KK+IO6]_SI[.KK÷IO2]_EDR)_

! _E_O_¥ DATA REGISTER

TC374(EDR_TTOT,DA¢OT_DATO_.T_ObeTTOSeDA_O5_DATO4eTTO4,*K+32,

1D_N_TTO3_DA_O3_DA'['O2._TO2eT'£OI_DArOleOATOO_TTO0)_

U37 - 2 "> U32 * 22, U42 - tl "DO7"

U37 - 5 "> U32 " 23, U42 - lU "b06"

U37 " b -> U32 " 24, U42 - 09 "_Ob"

U37 - _ -> U32 - 25, U42 - Ou "_04"

U37 - 12 "> U38 ° 22, U43 - 11 "003"
U37 - 15 -> U38 " 23. U43 - tO "DO_"

(137 - 16 -> O_B - 24. _43 o 09 "_01"
U37 - 19 "> U38 " 2b_ U43 - 0U "OnU"

TCj74(EGF_ .[Tt5_DATI5,DAT14,TTI_I,_T1J_DATI3,DATI2,T112,ob+4b,
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'tDRNwTTIIwDATIi,DA_IUsITIOeTTO9,DATOg,DATOb,¢_OB)I

U36 - 2 "> U35 - 22, U39 - 11 "DIS"

U_6 - b "> U35 - 2J, U39 e lO "014"
U36 - b -> "U35 " 24, U39 - 9 "_13"

U36 - 9 "> U35 - 2b, U39 - _ "012"

U36 - 12 "> 02q " 22p U_O - 11 "012"

U36 - 15 "> U29 - 231 U40 - 10 "blO"
U36 - 1_ "> U29 " 24, U_O - _ "009"

U36 - 19 -> U29 ° 25_ U_O - _ "UO_"

DOO=,DO0 AND ,TTO0; DOI=,DOt AND ,_TO1; DO2=,D02 AND ,TT02/
DO3=,D03 AkD ,TT03_ DO4=,D04 AND ,TT04; DOb=,D05 AND ,_T05_

OO6=,DU6 AhD .TT06; DO7f,DO'I A_D ,TT07; DOU=,D08 ANO ,_TGb;

DOB=,D09 AND ,_T09) UlOf.,DIO AND ,TTtO$ DII:,Dll AND ,_T11_

012:.D12 AND .TT12; D13:.D13 AND .TT13:D14:.014 AND ._T14_

Dlbffi,D15 A_D ,TT15:

IF ,JPART EOL 4 THEN AbU() £5SE ABUT():
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! OUTPUT DEStinATION "_IG NAM&"

TIMING SIGNAL3 FOR M_MUP¥ FETCH AND STURE

P09 - 21B ->

PU9 - 23¢ ->

POg - 24C ->

P09 - 21C ->

P09 ° 25C ->

P09 - 4C ->

P09 - 18C ->

P09 - 15C ->

U32 - 9, U38 - I, U13 - 9,

U44 - 4, U38 - 13

U32 - I, u32 - 5

U32 - 2, U13 - 13

U32 " 4, U38 " _, U32 " IO,

U44 - 1, U38 - lO

UI3 - 2

U13 - 11

UI3 - i, UI3 - 10, U44 -

U44 - 5

"U27*"

"b27"

"U2B*"

"b2_"

"U30*"

"b30"

"U29"

"IN_*"

NAND(ME_N,U28,U27N); NAND](A,U28N,U29,U30N);

U32 - 8

U13 - 12

-> P09 - 55A

-> U04 - 3

"ME_"

NAND(QICN,U2'I,U2bN); NAND3COLOINN,U27N,U29,U3OJ;

u32 - 3 -> u04 - 5, PO9 - lgC

UI3 - 8 -> U05 - 5

U32 - 6 -> U05 - 4, P09 - 22C

UUS- - _ -> P09 - 27B

-01_8.

_ANO4(MMN,U27N,U28,U29,INDN)_

U44 - _ -> U3U - 9, UU4 - 4, P09 - 27C

EOUTN = AN_3(Q_ON.AeMMN); _N_(MMeMMN);

U04 - 6 "> P09 - 30C

NA_D3(qMIN,U27N,U28,MMN];

"MMT"

U38 - 8 -> P09 - 25A

NOR(A, U28N,U30N]; NAND4(B,U27N,U30N,QMIN,T);

Ub6 - 1 -> U20 - 4

PI0 - 17A -> U63 - 12
Ub3 - 8 -> U20 - 13

VCC -> U63 - 13
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! OUTPU_ DE@II_AIION "_IG NAME"

THESE RAND GA_ES ARE SIMUbTED W1THUUT THE INV_RTEH GN

THE OUTPUT SU %hAT THE CHOCK SIGNAb IS CORRECT FOR Th

@INGbE PA53 &IMUbA'IION OF A D FLIP-FbO_IO

AN_R(NIIBNwAICgKeA); ANDR(NTORNpAICLKpUI9);

PlO - lIB ->

U20 - 6 ->
U20 - 8 ->

U20 " 5, U20 " 12,

U41 " S, U6S "

U33 " 11e U34 " 11, PlO " 2OR

U30 " 1Le U31 " II. PIO " 18B

"AI"

"'II8""

*TO_*"

ANDR{NTDRN,AICbK,B);

U20 - 11 "> Uj6 - 11, U]7 - 11, PIO - lgB "TD_"

NAND4(MIN,U27NpU2@eBNePO_);

! MEMORY BUFFER MEGI_T_R

TC3?4(U4OwTTO?eDATOTeGAIObwTTO6wTEOStDAIOb,DATO4,TT04,._,

TI@_eTT03aDAT03tDA*IO2eITO2pTTOIFDATOI,DA_OO,T'£00)_

TC374(U_O,£TIS,DA715wUAT14t£TI4wTT13fDA'I13,_AT12,TT12w,K+Ib_

TI_NeTTllfDATII_DATIO_TIOeTTO9,DATO9.DATO_tIT08);

_NOO=,INO0 AND .ITO0; ¥NOI=,YNU1 AND ,TTOII YNO2=,IN02 AND .TT02I

YRO]=,_NO_ AND ,¢TO_; ¥N04=,¥_04 A_D ,TTO_; YNO5=,YN05 AND ,TTO5;

¥NObf,YN06 A_D ._06; YNOTf,YN07 AND .TT07$ YNOgf,YN08 AND ._Tu_;

YNO9=.¥N09 AND .TT09$ ¥NIO=._NIO AND .TTLO; YNIl=.¥N11 AND .TT11;

_N12=,¥N12 AND .IT12; YNI3=,¥Nl_ A_D ,TTIJ; YNI4=,¥N14 AND ,_T14;

_NI5=,kN15 A_D ,TT15;
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OUTPUT DEStINAtION "3IG NAME"

! OUTPUT REGISTER

TC374(FOUTNwDAT07pY07.YO6,DAT06_DATO5,YOSpYO4,DATO4e,k+b4a

IORNeDATO3eYO3pYO2eDAT02,DAT01eYOI,¥OO,DATOU)_

PrO - 29B -> U30 - 1, U31 - 1
U31 o 2 -> U34 - 3, U31 " Jp U71 - 12, "DAI07"

" P10 " 13A

U31 " 5 "> U34 " 4_ U37 " _e U71 " 11, "DA_Ob"
P10 " JgA

U31 ° e "> U34 " 7, U37 _ 7, |I71 " 2, "DAI05"

PIO - 12A

U_I - 9 -> U34 - _, U37 - _, U?I - 3, "DAT04"

PIO - llA
t)J1 - 12 "> U34 - 13, U37 - 13# b19 - 1, "_AX03"

PIO " 21_
U31 - 15 -> U34 - 14. U37 - 14, U27 - 9, "DAT02"

PIO " 22B

I_31 - 16 -> D34 - 17, U37 - 17, U07 - 5, "OA_OI"
PIO = 9A

1t31 - 19 "> Uj4 - 18, U37 - I_, U07 - 11, "DA_O0"

PlO - 27B

TABLE 59 (CONT'D)

205



! OUTPU_ DES_INA_£ON "SIG NA_E"

TC]74(EOUTNeDAT15eY15eYL4eDATI4_DAT13,Y13,YI2eDATI2w,K+80w

TURNeDATIIpYII,YIOwDATIOpDATO9eYO9,YOOwDA_08]_

U30 - 2 "> U33 " 3e U36 " 3e P10 " 38A "DA_15"

U30 " 5 "> U33 " 4s U36 " 4, P$0 - 30A MUA_14"

U30 - 6 "> U33 " 7, U36 " "I, PIO " J3A _0A713"
U30 " 9 "> U33 " @, U36 " ap PIO " 3tA "DA_12"

U30 - 12 "> U33 " 13, U36 " 13, P10 " 3i_ "DATll"

b30 - 15 "> U33 " 14, O3o " 14, Pt0 " 34A "OA_IO"

U30 - lb -> U33 - 17w U36 - 17, PIO - 3_B "DA_09"
U_O - 1_ -> U33 - 18, U_6 - 1_, Pro - 34b "OATOb"

M_MOR¥ bUFFER_ A_U _EMORY CALL8

_C2450(M_hpMOOeMOIeMO2eMOJ,MO4,MOS,MO6,MUT,G_D,DAT07,

DATO6eDATOSwDATO4wDATO3,DATO2eDArOIeDATOO,MEM_}_

TC2450{MMNeMOS,MOg_M_OeM_I_M_2eM13eM_,MIS,GND,DAT_5,

DATI4eCATI3eDATI2eDATIIeDATIOeDATOgeDATOSe_E_]_
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! OUTPU_ D_STINA_IUN "3IG NA_E"

RWMEMC_AROOpMAROIeMAHO2eMAkO3,MARO4eMAROS,_AHO_,MARO_r

_ARUStMAROgtM_RIO_MARIIjMARI2eMARI3_MARI4tMAHI_,M_N,

MINeMOOeMOleMO2#MO3wMO4mMU5,MO6pMO7eMO8,MogmMIOwMttp

_12,M13,_14,_15)_

TC245I(MMN,MOOeMOI,MO2,MO3wMO4eMO5,MO6pMOT,GND,TT07,

TTOO_TTUS,TTO4wTTO],TTO2,ITO_eT_OOeMEMN);

IC245I(MMN,MO8,MO9pMIO,_11eM12,MI3eMI4,MI5,GND,TT15,

T_14w_T13,TTI2,TTlleTTIO,_TO9eTTO_,REMNJ_
!

DATOO=,DATO0 A_D ,QIOINN A_U ,TTOOI
OATOI:,OAT01 ANO ,_IUINN AND ,TTOI;

DATO2=_DATO2 AND ,QIOI_N AND ,TT02;

DA_O3=,DAT03 A_D ,QI&I_ AND ,TT03;

OA_O_ftDAT04 AND ,_IUI_N AND ,T_04;

OATOb=,DA_05 AND ,@IUlNN ANO ,TTO5;

OATOb=,DAT06 AND ,OlOINN AND ,%T06;

DATOI=,DAT07 A_D ,QIOINQ A_O ,TTO7;

DATOB=,DAT08 AND ,_IGINN A_O ,TT08_

DATO9=,DAT09 AND ,QIOINN A_D ,TTO9;

OA_IOf,DAT_O AND ,QIOINN A.D ,TTIO;

UA_Ilf,DATII AND ,QIOIN_ A_D ,TTII;

OATI2=,DATI2 AND ,QIOINk AND ,TT12;

DATI_f,DAT13 A_D ,_I_INN A_D ,TTI3;

OATI4f,DATI4 AN_ ,QIOINN A_O ,_TI4;

OAT%5=,DATI5 AND .QIOI_N A_O ,TT15;

I_D AND LIN_ FLIP-FLOP

TCI53(U33,U34,XNI5eRPUI,_,X_D,YAeGND,YB,SRAM,F,

RPUI,GBIT,U35,U33_];

U38 - 9 ->

UI4 - "l ->

UI4 - 9 ->

VCC ->

U14 - 10, U35 - lb

bO5 - 8, U13 _ 2
b05 - tl, U13 - 12

U14 - 4, UI¢ - 12

"SMAMO0"

TABLE 59 (CONT'D) 20_



] OUTPU_ DESTINATLdN "SIG NAHE"

NOH(AeYAwU33); NUR(BeYB,U33NJl

U5 - 10 "> U13 " 3

Ub - Z3 -> U13 - 11

TCI13(ACLK,¥A,AekPUleNINDNtNINDeGND,NLI_K,_LINK_,RPUte

BeYBpACLK)$

PlO - 23B ->

U13 - o ->

r!13 - 5 ->

U13 - _ ->
VCC ->

U13 -

UOb - 1

U04 - 3w Ull - 4p U12 -

U14 - be U44 - bw. PIO -
PIO - 3B

bO4 - 2, PIO " 2B

U13 " 4e U1] - lU

lw U13 " 13, U6 " 13,

1A

hA-

OVEHFbO_ b'GAG COMPUTATION

XOHP(A,YN14,¥N15); LNV(e,AUV)I NUR(C,U32,U31);

U12 - 3 ->

U35 - 34 I>

U48 - 2 ->

UO5 - 1 ">

U7 - 3

U48, o 1. U7 o ew U44 "

U9 " 4, PIO " 30A

U7 - lo
u7 - 15

2w "AOV"

TC153(U31N,UJ2,AeU31,DAT01,AOV,YAeGND,¥BeB,DATUU_U31N,

FeU33eCjL

U07 " ? "> UO6 " 2
U07 - 9 "> U06 - 3

G_D -> U07 - 13

INTERRUPT ENABh_ F_IP-FbOP

NOH(AwU32eUJ3N)I _HR(BeDA_U2eU31k)$ ANUR(C,DATO3eA);

U05 - 4 ->

U27 - U ->

U19 - 3 ->

U19 - 2, U19 -
U65 - 3

H19 - 5

_o6 - 12

4, U64 - 1_

U19 - b "> U06 - 11

Ub4 - 3 -> [J_2 - 1

TABLE 59 (CONT'D)
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IC11_(ACbKwYAwYB,RPUI,NFOVN,NFOVwGNDwNPF£1NwNNPFEINwRPUI_

DpCwACLK);

U06 " b "> U04 " 1 "gOV*"

U06 - b -> U72 " 15, PIO " 35A "FOV"

u06 - _ -> Ub3 - 5, U72 - 1, PlO - 5A "PF_I*"

UO6 - 9 "> U41 - 12 "NPbE_*"

VCC -> u06 - 4w _06 - 10

FbAGI AND FbAG2 FLIP-VLUP

B = ANO3(A,AICLK,II31)I C = NUT ,E$ ANDH(IAMN,T,C);

U05 - 6 "> U71 - 1, U71 " 13
U62 - 3 -> PIO " 27A "tAM*"

GBD -> Ub2 - 2

ICll_(BwDATOSwDATO4o_PU1,NNIFbAGwNVLAGIeGNDeNFLAG2_NN2_LAGr

RPUI_DA_Of,DATO7w_]_

U71 " b "> U72 " !3t PlO ' UA "FbAGI"

UT1 " 8 "> U72 " 12j. PlO " IOA "FLAG2"

VCC -> U71 - _, U-71 - 10

[NDI
END

EGUDOM

ROU_IN£ PARTN2

TABLE 59 (CONT'D)
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400ULE P3T (6ANGUAGE(_BLIS_36(BLISS36)

%bLLS532(b_I8_32)

addresslng.mo_e (external = lonq.relatlve,

nonexternal = lonq.relatlve) ) =

REGIN

GLOBAL

BEGIN

HOUTINE PARTT3 Z novalue =

_( FETCH PARTITION )t

£HiS PAR_IrlUN PERFO_M_ CHE FETCHING PORTION

| _N_IRUCTION C¥C6E OF THE BDX-q30 Cu_PUCER.

_T CONTAINS THE FOLLOWING PA_T_ OF

: THE COMPUTER=

ADOR_5_ CONTROL LOGIC

I_SIRUCTION REGLS_E_ AND kEPEAT COUNTER

MICROPROGRAM COU_TEH

0_- AN

requlre "GbObAL,R32";

require "RTN_ST,_32";

EXTERNAL RU _ vector[57];

external routine TC151,TC273,¢C253,TC175,TC169,¢C377,TCJ74,PENABL_#

PFIR_T,P_M;

?

LOCAL A, B, C, J, K, GND, X, NC;

LOCAL CON,. COND, EBCHN, E_TRTN,

E_IRN, IR_, FEIN, 8A,

UMA2DE, UNA_DE, UMA4OE, U_ASDE,
uaAggg_

O_AOD_, U_AIDI,
U_A?D_;

UMA2DI, UMA3DI,

E_PCN, ELS_N, EHS_N,

5B, H_LTHN_

U_A@DE, U_A7OE, UaASDE,

UMA4DI, UMASUI, UMA_D_,

UMAO, UMA1, UMA2, UMA3, UMA4,

U_Ag_

U_AUDN, UNAIDN, UMA2DN, UMA3ON,

U_ATDN, _A8DNe UMA9DN_

UMAS, UMAb, dNAl, U_Afi,

[JMA4DN, UMASDN, [JMAbDN,

d : O; _C : -I; K : 6161

TABLE 60
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CPU _OARO

PA_T_T_O_ 3

OUTPU'_ D_TINA_ION "_IG NAME"

REPEAT C_UNTER

NAND[A, U25, O2h);

Ue4 - $ -> U28 - 9

TClo9(U26,ANCbK,YOO,¥OI,YO2,YU3,U25,,K+I64,A,F,

X,XeX,X,RPTOVN);

GaD -> U28 - 10

U28 - 15 -> U04 - 14, Ubl - 4,
PlO - 37A

SEbECT CONU£1IQN FUR BRANCM INSTRUCTIONS

TC151(PFEIN,EXY3,EXT2,EXTI,X,A,F,GNO,SP_O2,_P_OI,

SPBOU,FLAG2,FLAGI,IRS,_OV];

U72 - b -> U12 - 10
GND -> U72 - I

PlO - 2A -> U72 -

PIO - 3A -> U72 - 3
PIO - 4A -> U72 - 2

"_XI1"

"EXI2"

"EXT3"

TABLE 60 (CONT'D)
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! OUTPU'£ DE,STI_WAI _UN ",SIG NA_I_"

XOKR (CUN,$PB03, A) ;

U12 - B -> uog - 14

_616_ = AND](U23,U24N,EXN)_

U05 - 12 -> PIO - bA

"CO_"

"H616P"

MICROCODE BRANCH CONOI[IUN GEN_RAIOH&

TC151IFUVN,6INK,IND,RPU,X,A,U36_G_O,U37,

U]B,d39,NC,BAT_,_PTGV_,SgO0);

PIO - 24_ ->- UU4 - 13

U04 - b -> u4g - 1

VCC -> U04 - 4

"&ATe"

TCI51(O4,O3,02,NC,X,B,U36N,.GNU,

U37,U38,U39,OB,QT,06,05)_

UU3 - 6 "> U49 ° 2

NANO(CONDeA,R]I

u4g - 3 -> U70 - II, UI2 = t3p

PIO = IBA

ENABLE PHOM = MICROCODE BRANCH _ABbE

i_ANO(HALTMN,HALT@,U42)I NANI)4(B,ARM,F_IN,IRSePFEIN)I

Ub4 - 6 -> U49 - _, U61 - 13

"CO,,D"

"HA6T_*"

NAND(CeHA6'IMNeB]_ INV(_,TESTN]I

PIO - 24A ->

Ub3 - b ->
"U49 o b ->

Ub3 - I

U49 - 5

UT0 - I0

PlO - lgA -> U48 - 13

U48 = 12 -> UT0 ° 15

NAR_N

TABLE 60 (C0NT'D)
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! OUTPUT D_S_I_A_ION_ "31G NA_"

U70 - I ->
d70 - 2 ">

U70 - 3 ->

U70 - 4 ->

U70 - 5 ->

b70 - b ->
070 - 7 -)

UTO - g ->

U53 - 1, PIO - 23A

U45 - 15, PIO " 22A

U69 o 1, U_g - 15, PlO - 21A

tJ61 - l, Uol - Ib, Pl0 - 2uA

Ub2 - 4, U62 - tU
U_I -

tJbl - 1_, U41 - 2

U4A - l, U21 - 9, PIO - 15A

"ERCH*"

"ESTR_*"

"_LSB*"

"_A m

"ETLR*"

! MICROCODE BRANCH ADDRKSfi GENERATOR

XO_R(AeCOND,U52N};

ill2 - 11 -> Ubl - li, U61 - 12

TC253(E6SBN,SB,U41,RPIOVN,U51etJ51,UMAIDm,GND,UMAOUN,U52,

AeA,HALTMN,SA,EL_bN];

Ubl = 7 -> U45 - 7, UI5 - 2, Ub2 " _, "UMAI"

U08 o 2, USg - 2, U22." 2,

U_6 " 2e UOl _ 2+ PIO " 5_A
U45 o 6, UI5 _ I, U52 " I,

U08 " I, U59 - l, U22 - I,

U66 - 1, U01 - 1,. PIO - 55A

IJ6 1 - 9 -> "UMAO"

GND -> Ub9 - 2, U69 - 4, Ub9 -

u6g - 12, Uog - 14

6, UO9 - I0,

BUE(UMA2DN,ESPCN)_ BUF(UmAJDN,ESPCN);

UO9- 9 "> U45 " 8, U15 " 3, U52 " ], "UMA2"

UV8 " ], osg " 3, U22 " 3,
U66 " 3, U01 " 3, U53 " 19,
P10 - 53A

U69 - 7 -> U45 " 9e U15 " 4, U52 " 4, "UewA3"
UO8 " 4, U59 - 4, U22 - ,*,

U66 " ++e UUI " 4_ U53 " lo,

PI0 " 52A

TABLE 60 (CONT'D)
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! OUTPU_ DESTlr_ATIL]N "3Ib NAME;"

_Uk'CuMA4DN,E3PCN); BIJF(UMAbDN,ESPCN);

Ura9 - 5 ->

Uo9 - J ">

U45 - 11, U15 - 5p U52 " 5,
UOB - 5e U59 " 5e U22 " 5,

U66 " 5, U01 - bt U53 " 15,

PIO " 51A

U45 - 12p U15 - lb, b52 " 16p
UU8 w 16e U59 " 16w U22 _ lbw

U12 - 16, U_6 - 1_, U53 "- 12,

PIO - 50A

"U.A4"

"U_A5"

_UF{UMA6DNeE3PCf_]; BUF(U_ATDN,ESPC,w);

Ub9 - 11 ->

I.Jb9 ,.,. 13 ->

U45 " 13, U15 " 17, Ub2 " 17,

U08 " 17, U59 o 17, U22 " 17,

U66 " 17, UOt " 17p U53 " 9,

PIO - 49A

U45 " 14, U15 - I_, Ub2 - 1B,

U08 " ld, U59 - 18, U22 - le,

U66 " lu, UOI - IHp Ub3 - o,
PIO - 48A

GND -> Ub2 - 5, Ub2 - ?

BUFCUMABDN,EMSBN); BUF(UMAgDN,_M_BN);

Uo2 - B ->

Ub2 " 6 ">

U15 " 19, U52 " 19, Ub3 " b,

U08 " 19, U22 " 19, U59 " 19,

U66 - 19, UU1 - 19, PlO - 47A

U15 " 15, U52 " 15, U53 - 2,

UO8 - 15, U22 - 15, b59 - lb,

Ub6 - 15, UOl - 15, PIO - 4_A

"UMAb"

"UMAT"

"UMA@.

"UMAq"

TC374CEBCHN,UMA9DE,RU[14],R|J[1JJ,UMABL}E,UMA7DPZ.,HUt'12J,

RU[11] eUt4AbDE,.K+IbwANC I'&wUMASDEpRU[_.O] pHU[9] eUMA41J_w

U,_A3DE;,RU[bJ j, RU[TJ,IJMA2DI:;};

%

PFIRST(¥OS",_og,Y10,¥11,_12,UMAODI,UMAIDI,UMA2DI,UMA3DI,

UMA4DI,UMA5DI,UMAbOI,U_ATDI,ES_rR_N,YI3,Y14,YI5,U411,);

TABLE 60 (CONT'D)

215



! UUTPUT D_STINA_ION "SIG NAME"

SIMUbA'[E THI SIA'rE Bus FOR MICRU MEMUR¥ ADDMES_

UMAO = ,UMAODN AND ,UNAO_I;

uMAI = ,UMAIDN AND ,UMAI_I;

uNA2 m ,UMA2DN AND ,bMA2DI AND ,UMA2D_;

U_A3 = ,UVAJON AND ,UMA3_I AND ,UMA3DE;

UMA4 = ,UMA4_N AND ,UMA40I AND oUHA4OE;

U_A5 = ,UMASDN AND QUMASuI AND eUMASDE_

U_A6 = ,UMA6DN A_D ,UMA6_I AIwD ,_MAbDE3

UMA7 = ,UMATDN A_D ,uMA70I A_D ,UMA/DE;

uWAB _ ,bPABDN AND ,UM'ABDEI

UMA9 = ,UMAgON AND ,UMAgUE;

IH_8 Z8 _'UQCIIONA6 - REPRESE|_TING PROMSl

U52,U59pU66pUIpU22jUBpA_De U15 - GUZPUT5 ARE 1N RUES

U52 - b -> Ub@ - t3

Ub2 - 7 -> U60 - 18
U52 - 8 -> U53 - 7

U52 - 9 -> U53 -
U52 - 11 -> U53 - 13

U52 - 12 -_ U53 - 14

U_2 - 13 -> U53 - 17

U52 - 14 -> U53 - 18

U59 - 6 -> UbO - 13

U59 - 7 -> UOO - 17

U59 - B -> U60 - 3

U59 - 9 -> U60 -

U59 - 1_ -> U60 - 7
U59-- 12 -> U60 °

U_9 - 13 -> U53 - 3
USg - 14 -> U53 -

U66 _ 6 _> U6B o 12
U66 _ 7 °> U60 - 1_

U66 _ 8 -> U67 - 4

UD6 _ 9 -> U67 _ 5

U66 - 11 -> Ub7 _ 12
Ub6 _ 12 "> U67 _ 13

Ub6 " 13 "> U6B - 4

I.J66 - 14 -> I]68 - 5

U01 - o -> UU2 - 3

U01 - 7 -> U02 -

UU1 - U -> U02 - 7

UOt - g -> U02 -
U01 - 11 -> U02 ° 13

U01 - 12 -> U02 - 14

UUI - 13 -> U02 - 1_
U01 - 14 -> U02 - IB

U22 - o -> U23 - 3
TABLE 60 (CONT'D)
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U22 - 7 -> U23 - 4

U22 - _ -> U23 - 7

U22 - 9 -> 023 - i_

u22 - 11 -> 023 - t3
U22 - 12 -> U23 " 14

U_2 - 13 -> U23 - X7

U22 - 14 -> U23 - tB

U08 - 6 -> U16 " 13

UO8 - 7 "> U16 - 14
U08 - 8 -> U16 - 17

U08 - 9 -> U16 - 18

UO8 - 11 -> UXO - 4
U08 - 12 -> UXO - 5

U08 - 13 -> UIO - 12

U08 " 14 -> UIO = IJ

IJ15 - b -> U17 - 4

U15 - 7 -> U17 - 5
U15 - 8 -> U17 ," 12

b15 - 9 -> U_7 - 13

UI5 - 11 -> U16 - 3

IJ15 " 12 "> Li16 " 4
015 - 13 -> LI16 - 7

UI5 " 14. -> UIb ", 8

PMIM(UMAO.UMAI,UMA2,UMA3,UMA4pUMAV.UMAS,UMAbpUMATwU_A_}$

_NDEX HEGIST_R COUNTER

TCtb9(RPU2eANCLR,XO4wYos_Yo6,xOTwU53w,K+15b,ETIHNwUb3wIHOTw

£RO6tIRO5wIRO4eXJl

U21 - 11 "> U50 - 5w U18 " b "IR07"

U21 - 12 "> UbO - lle -_18 " 10 "IR06"

U21 - 13 "> U57 - be U25 - b "IRU5"
U21 - 14 -> US/ " 11, U25 - 10 "IRO4"

VCC -> U21 - t

INGIHUCTION REGIGTER

NOR(AeEEINeSA)_

1NVCApHAbTN}_

NQR(BpAwPFEIN_};

PIO - 25A ->

U41 - 1 ->

U41 - 13 ->

U_H - b ->

U48 - 9

U41 - 11

U46 - 17

U46 _ 18

"MALI_"
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| []UTPU_ DESTINATION eS_G NAME"

TC377(ETIRN,IRO9,YO9,YOb,IROS,I_O3,_O3,YO2,1R02,

,K+124,ANCLK,IROI,_OI,_OO,IROO,FEIN,6,A,MAbT_];

U46 - 2 "> [J25 " 4, PIO - 458 "fRO9"

Uq6 " 5 "> U25 = 12, PlO - 406 _iR08"

U_6 - _ ") U18 " b, U29 " I, "£R03"

U32 " I, U35 " I,

U3_ - 1, Ubl - 5t U51 -

U57 - b, U57 - 10, bSO -

UbO - tO, PrO -blB

u46 - _ -> U18 - II, U51 - lu, "/R02"

6_

USt - 11, U29 - 2,
b32 - 2, 035 " 2, U38 " 2,

PlO " 4J_

U46 " 12 "> U25 " 5, U58 " 5, "IR01"

U58 " 6, U29 " 3,

U32 " 3, U35 - _, U38 " 3,
PIO " 12_

U_6 " 15 "> U25 " 11, U58 " 10, "£RUO"

U58 " 11, U27" 2,
PlO - 108

lJ_6 - Ib ->" Ub3 - _, IJ41 - 3 "F_IN"

U46 o 19 "> b6_ " 4 "MALIb"

EXTERNAh 51GNAh SYNCHROh[ZER LATCH

INV(A,[RN);

Pl0 - 2gA -> U48 - 3
U48 - 4 -> uO9 - 3

"IR*"

TABLE 60 (CONT'D)
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OUTPU1 D_STINATLON "_IG NAWE"

TC273(_PU,I_S,A,AOV,O2,03,ZERU,SIGNV,

U4,,KeANCLK,GSeCOUT,CONeU6,UT,

R_ADY,T&_R,O_);

035 ° li ->

U35 ° 31 ->

U35 - 33 ->

P_O - 25B ->

PlO - 26_ ->

UO9 " 7, U29 " 11, U32 ° 11

U3B " 11e PXO " 9B

uog " 8, U1£ " 11,

U44 " I, U12 " 5, PIO " 41_

UOg - 13, PlO - 42B

UO9 " 17

UO9 " IB

UO9 " 2 ">

UU9 " 5 ->

uvg - b ->

OO9 - 9 ->

oOg - 12 ->

UO9 - 15 ->

UO9 - Ib ->

UU9 - 19 ->

VCC ->

hi2 - 14, U63 -

UO.:I - 3
U03 - 2

UU3 - 1

U03 - 15
UO3 - 14

UO3 - 1,3

U03 - 12

UO9 - 1

"GIGN"

"COO'I"

"READY"

"IS_H"

6A_ICH MICRUCODE IN PIPEbINE.

TC_.73 (PO-_, U01 ,RU [56J ,RU [55J ,UO2,UO 3,RU [54] ,RU [4J ,

U53,,K+32,ANCLK,U55,RU[2J,HU[15],U42,U56,_ULILJ ,RU(_],

GSx);

UbO " 2 "> "UI8 " 3 "U01"

UoO ° 5 "> UIB " 13 "002 "
ObO - b "> U25 ° 3 "U03"

U60 - 9 -> U21 - 7, u2i - 10 "U53"

UoO " 12 "> "u55"

UbO - 15 "> U64 " 5, UTO " 12 "U42"
UGO " lb "> "U5b"

U60 o 19 "> Uot o 5, Ubl " o "U51"
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OUTPUT D_STZ_ATIUN "3IG _AME"

TC175(PUS,U27,tI27N,RU[3O]pHU[29J,U28NpU28e,K+48wANCLKeU29p

u2gNeRU[2B]wRU[27J wU3ONeU30);

Ub7 - 2

U67 - 3

Uo7 o b

Uo7 - 7

U07 - 10

U_7 - 11

Uo7 - 14
Uo7 - 15

"> PIO " 48B "U27"
-> PlO " 47_ U63 " 9 "U27'"

"> PIO " 43A, U56 " 2 "U28_"
"> PIO o 42A "U2_"

-> PIO - 41A "U29"

-> "U29'"

"> PIO - 446w UB3 " low USb " 3 "b30_"

"> PIO o 496 "U30"

rCIIS(POSpUb4eUb4NeHU[3] wl_U[17] eU40N,U4Ue.K+t4UwA._CbKwU41,
U41NeRU[16JeI_U[SJeU52NeUb2);

Ub8 - 2 ">

UO8 - 3 ->

[]_8 - b ">

Uo8 - 7 ->
U68 - 10 ->

Ub8 - 11 ">
Ub8 " 14 ->

t168 - 15 ->

U29 " 40w U32 " ;0,
U35 " 40p U38 " 40

U34 - 1_ U70 - 14, U33 " 1
U61 - 3, U70 - 13
U45 - 19

U12 - 12

U_I - 10

"U54"

"U54_"
"U4U_"

"U4U"

"U41"

"U41_"

"U52_"
"U52"

TC2"73(PPUeU37ei_U[20J,RU[19J eU38eU39,1_U[18J eH|JE4e]] w

• uoge.K4.SbeatlCr.l_,UOT,IRU[50] eRU[49],UO_,U25,

RU[32J_RU[31]wU26)

U02 - 2 -> u03 - 9, U04 - 9

U02 - 5 -> U03 - 10, U04 - 10
U02 - 6 -> U03 - 11, U04 - tl

b02 " 9 "> U48 ""11,

U02 " 12 "> UI1 " 2,

UO2 - 15 -> Ull - 14,

UU2 - 16 -> Ub4 - 9e U2fl - 7
U02 - 19 -> U64 - lU, u28 - 1

VCC -> U02 - 1

"U37"
"U38"

"U39"

"U09"

"U07"
"UOB"

"u2b"

"d2b _
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220



i OOTPUT Db_S_INA_ION "SIG NAME"

TC273LRPUeUlOwRU[47JpkU[4_JeUtteUI2,RU[45JeRU[44]_
UI3,.K+72,ANCb_,U14eRU[4]JsRU[_2JeOtS,U16,RU[41]e

_U_39]eU18];

023 ° 2 -> U29 - 12, U32 ° 12, "U10"

U35 - 12, U38 - 12
U23 - b "> U29 " 13, U32 " 13, "UlI"

U35 - 13, U38 - 13
U23 " O "> 029 o 14, U32 " 14, "U12"

U35 " 1_, U38 - 1_
U23 " 9 "> U29 - 2b, U32 - 2o, "_13"

035 - 2b, U3_ - 2b

U23 - 12 -> U29 - 2_, [J32 - 28p "_14"

U32 - 2_e b38 - 28
U23 " 15 "> U29 ° 27, U32 - 27, "ulb"

U32 " 27, U38 - 27

U23 - 16 "> U29 " b_ U32 " b, "Ulb"

U32 - .Se U38 " 5
U23 - 19 "> U29 " b, U32 " b, "UI_"

!135 - O, U38 - o

VCC -> U23 - 1

TCl'75(RPU,U31eU31NwHU[2b]eRU[24JoUJ3NpU33e,K+dB,A,_CbK',U36t

U]bNeRU[21JeH'U[40JtUI-TNeU17);

UIO - 2 -> u07 - 4, UO5 - 3; Ub5 - =

UIO - 3 -> U07 - 1, U07 - 12, U27 - 10,

Ub4 - 2

ulo - 6 "> b05 - be U05 - 12, UI4 - 1_

I.I10 - 7 ") U05 -.9. U07 " l_e [J14 " 1

U10 - 10 -> U04 - 1

UIO - 11 -> U03 - 7
UIO - 14 -> U11 ° 15

UIO - lb -> bll o 1, U29 - 1, U]2 -
U35 " 7, U38 - 7

VCC -> UIO " 1

7#

"U33'"

"U33"

"U3b"
"036""

"U17_"

"Ut7"
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OUTPUT ! DESTINAIiON l "$IG NAME"

TC27J(RPUrU22eRU[35J,RU[53J,U04wUOSeRU[52J,RULS1],

UOb,,K+gb,ANCI,K,Ut9,RUL3U],R_[25],U32,UJ4,RUL23J e

RU[22] ,U35);

U16 - 2 ->
U16 - 5 ->
U16 - 6 ->

Ul6 - 9 ->

U16 ° 12 ->
U16 - 15 ->

UI6 - lo ->

U16 - 19 ->

VCC ->

U20 " "2, U49 " 12, U_6 " 9

U27 " 1, U27 " 4

U18 - 2, [J25 - 2

UI8 - 14, U25 - 1_
U20 - 10

U05 " 2, dO5 "" fl, U07 " 2

U14 - 2

U14 - 14
Ui6 - 1

"U22"
"U04"

"OO5"

"b06"

"U19"
"U32"

"U3_"
"U35"

TC175(RPU,U20,U20N,RU[37],RU[36J,b21N,U21e,K+IOUpANCbAp

U23,U23N,RU[34],RUL]3J,U24NeU24)_

U17 - 2 "> Ub0 " 2, U51 " 2, Ub7 - 2, "U20 "

U58 r 2
U17 - 3 "> U49 " 9,U56 - 11, U65 - 10, NU20*"

UI9 - 12
U27 - 12, U56 - 12

UI9 " 9, U20 " 1, U56 " @

U19 " 10, U65 - 1

t)56 - 5, U64 - 13
U56 - o, U65 - 2
U27 - 13, Uo5 - 9, Ub8 " i3

UI7 - I

UI7 - O ">

UI7 - 7 ->

I117 - 10 ->

Ut7 - 11 ->
U17 - 14 ->

U17 - 15 ">

VCC ->

_U21_"

"U21"

"U23"

"G2J*"

"u24_"

"U24"

PIO - 50B -> UbO " 1, IJb7 - 1, U68 - 1 "P08"

ENU;

END

EbU_OM

ROUIINE PARTN3

! P3

J
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MODUL_ p4t(bANGUAGE_BLI_3_C_LI&_Jb}

_BLISG32CBLIS&323

aOdressing.modeCexternal = long.relative,

nonexternai = lonq.relative] ) =

8£G¢N

GbObAh ROUTIN_ ALUT I novalue =

B_GIN

require "GbOBAb,R32"S

require "rtnest,r32"l

externdl routlne tclb3,tc253,tc2901a,taluout;

ARIIHMEIIC bOGIC UNIT PARdiION - CONTAINS FOU_

2gOIA PbUS 2902 6OOKAH_AD UNIT

60CA6 T_MP, J, GND, _PAO, C_, _0£,

Q04, Q34, RAM01, EAM31, RA_02,

CNX, CNYp CNZ, CNBARp PO, GO,

SRAM15. XXIe XX2;

60CA6 Ap Be C, RAM34;

_31, Q02, Q32, Q03,

RAM32, RAM03, RAa33,

PX, Gt, P2, G2, G3,

, CPU _OARD

! PAHT£TION 4

OUTP_)'I D,_,5'I I hA'I' I U N "_ I(_ NAME"

! SCRATCH PAD AUDHESS RE@OhUTION

J=0;

tCI53{F_UO5,UO3,1RUg,I_OI,IRUS,$PBOI,GND,T_MP,IHO4,IRO0,

IKOS,F,UOo,F);

U25 - 7 ->

U25 - 9 ->

GND ->

U72 " 10, u2g " l_l, U32 - li_,

u35 - lu, b38 - 18
U_.7 - b

U25 - 1, U25 - 13, U25 - lb

"SPBI"

TABLE 61
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OdTPU_ D¢STINA_IO_ "SIG NAME n

IC153{F,DO5,UOI,FeIRO3,IROT,SPbO3,GND,SPBO2,1RO6,IRO2,F,

UOR_UOS,F);

UIg " 7 -> U12 " 9, U29 " 20, U]2 " 20, "3PB03"

(;35 " 2U, U38 - 20
UI_ " 9" "> U72 " 9o U29 " 1_, b_2 " 19, "_P_02

U35 " 19, U38 - 19

GhO -> UI8 - 1, UI@ " 4, U18 " 12,
UI8 - 15

ORR(SPbOO,IEMP,U04)_

U27 - 0 -> U72 - 11, U29 " I/, U32 - 17,

U35 - 17, U38 - 17

"SP_O"

_AIN PROCESSOR - RUN _OUR 29UIA5 IN PARAb&E_, IH_

2902 I_ SIMUbAIEP _XPbICITbY A_ GATE_ B_IWEEN

2901A iNVOCA%I_NS, KINAbb¥, TH_ 290.1A I5 EVAbUAI_

IN IWO PAR_S - ONE CAbCUbATES THE OUTPUT &_NE STATE

AND ONE CAbCbbAIE_ IHE CHANGE _N I_I_H_Ab @TAI_ UF

_HE CH_P, T_I3 IS DONE _0 INSURE PROPER SHIFTING

OPERATION,

OR_(SPAO,IROO,U04};

! I!27 - 3" -> U29 - _, U32 - 4, U35 - 4, _@PAO"

! U38 -

INV(CN,UUg); ZERO = "1;

! H48 - 10 -> U24 " 13, U38 - 29 "CN"

TABLE 61 (CONT'D)
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! OUTPU_ DESTINAIIUN "SIG NAME"

TC2gOIA(IRO),IHO2eIRU1,SPAO,U16eU1_,UI7,RAM31,HAM01,
d,ZEpO,b10,U11,U12,ANCL_,Q31e_PbOO_PBOl,_P_O3o_PBO3e

QO1,DO3,DO2eDOI,DOO,UI3,UISaUI4,CN,O,XX1,GU,XX1,

XXI,PO,YNOO,YNOI,¥NO2,YNO3,U4UNJ_

U24 - 3 ->
U24 o 4 o>

U38 - 36 "> U31 - 1_, U34 - 19, U46 - 14 "YO0"
U58 " 12, U2R - 3

U38 - 37 -> U31 - 11, U34 - lb, U46 - 13 "¥01"

U58 " 4, U2B - 4
U38 " 30 "> U31 " 14, U34 - 15, U46 - @ "¥02"

Oh1 - 12, U28 " 5
U38 - 39 "> U31 " 13, U34 - 12, U46 " 7 "Y03"

U51 - 4e U28 - b

[NV(CNBAH,CN)I A = ANuF(PO,GO);

b = ANDF(GO,CNBAR); NO_(CNX,A,b);

TABLE 61 (CONT'D)
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'EC2901A(IRO3,IMO2eIPOTtSPAO,Ut6pU18,U17,RAM32w_Ai_O2e
j,Z£ROpUIOwUlI,U12,ANCb_w_32eSPBOOeSP_OIeSPHO2p_PSO3w
O02wDO7eDObeDOS,DO4eU1JwU15eUI4eCNXwI30,XXl_GI,XXle
XXI_PIw¥_O4eYNOSe_NO6eYr_O7eU4ON)_

U24 - 1 ->
U24 - 2 ->
t]24 - 12 ->

H3R - _ ->
tJ32 - 36 ">

U32 - 37 ->

U32 - 3_ ->

U32 - 39 ->

U32 - 32
U32 - 35
U32 ,, 29
U32 - 2.1.
U32 - 9
IJ31 - 8, U34 - 9p U4b - L4o
U57 " 12, U21 "
U31 " 7, U34 -
U57 - 4e U21 "
U31 - 4, U34 -
bSO o 12e U21 -
U31 - 3, U34 -
UbO - 4, _21 -

"Y04"
3
_, U46 - 13r "_Ob"

4, U46 - 8, "¥Ob"
5
2, U46 - l, "Y07"

A = ANDF(PleGi)_ B = AND3(PO,GIwGU]_

C = AND3(CNBAR_GO_G1)_ NUR3CCN¥,A_B,C)_

TABLE 61 (CONT'D)
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OU_PU% D_STI_AIION

TC2901A(£ROJeIMO2,IPOleS_AO,U1b,_lb,UIV,RAM33aRAM03,
JeZ_RO,UlOeUlleU12,ANCbK,_33,SP_OOe_P_OI,3P_O2,_Pb03,

O0),DI1,DIO,DOg,DOS,UI3e-UISeUI4,C_¥_2bO,XXI,G2_XXI,

XXIeP_,¥NO8,Y_O_,_NIO,YNII,U4ONJ_

U24 - 11 ->

U24 - 14 ->

U24 ° lb ->

U32 - _ ->
U32 - lb ->

U29 - 3b ->

U29 - 37 ->

U29 - 29 ->

!!29 - 39 ->

A = ANDF(P2,G2);

U29 - 29

U29 - 32
U29 - 35

U29 - 9
U29 - 21

U30 - 1_, 033 - 19, U47 - 13

U45 " I, U46 - 4
U30 " 17, U33 " 16, U47 " lO

Li45 o 2e U_6 = ]

b30 " 14, U33 " 15, U47 " Q
U45 - 3

U30 - 13, U33 - 12, U47 " J
U45 - 4

B = ANDJ(PI,G2wGI);

"Y08"

"¥09"

"YIO"

"¥11"

C = AND4F(PO,G2,GI,GO); _EMP = AND4F(G2,GI,GO,CNBAR);

TABLE 61 (CONT'D)
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OUTPUT DE_TZNA¢ION u51G NAME"

_OR_CCNZ,A,B,C,TEMP]_

IC29UIA(IRO3,IRO2,1RO1,_PAO,U16,U1d,U17,RA_34,RAM04,

JpZ_RO,UIU,U11,U12,ANCbK,_J4,_P_OO,_PdOI,SP_O2,SPBO3p

QO4,DIS_D14,DI3,D12,U13,UIS,UI4,CN%,J90,SiGNV,XXI,COUTp

AOVoXX2,_N12,YN13eYN14,_N15,U40N)_

U24 - 9 ->
U29 - 6 ->

U29 - 16 ->

b35 - 3b ->

IJ..15 - 37 ->

U35 - 3B ->

1135 - 39 ")

U35 - 29

U35 - 9

U3b - 21

U30 - 8, U33 - 9, U45 - b,
Ub4 - 13

U30 - ?w U33 - De U45 - lo,
Ub4 - 10

U30 " _w d33 " b, U45 " 1l,
U54 " 6, U12 " 2

b30 " 3, U33 " 2, U45 " 18,

U54 " 3, IJ12 - 1, U14 - 3

"¥12"

"_13"

"_14"

"Ylb"

DETERMINE PROPER ¢_ITS FOR SHIFT OPE_AION,S

XOHRiQBIT,iND,SIGNV);

U12 "- b "> U11 " 12, U14 " 1J NgB£T"

XORRCTE_P,_IG_V,AOV);

IJ_4 - 3 -> Ull - 5

'IC253(UI7,UO7,SOO0,IND,TEMP,K,$RAMI5_GND,$QOO,F,SIGNV,

QBIT,T,UOS,UITN);

UI1 " 7 =>

U11 - 9 ->
GND =)

IJ35 - 0

Ull - 3, tl04 - 15, U38 - 21

Ull - b, U11 - 10

TABLE 61 (CONT'D)
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DEST_NATLON "SIG NA_E"OUTPUT

EVAbUTING BID_RECIIONAL bLUES BY O_ING TOG_HEk ALl,

OUTPUT_ O_ EACH LINE,

_OO = .S_O0 AND .QOIJ Q02 = ,O02 AND .Q3I_ {_U3 = ._03 AND .Q32;

Ou4 = ,QO_ AND ,Q33; 3RAM = ,_3_ AND ,HAM01;
RAM02 = ,kAM02 AND .RA_31; EAM03 = .RA_O3 AND ,RAM32_

_A_O4 = .kAY04 ANO .RA_33_ _MA_15 = ._HAhlb A_D ,RA_34;

EVAbUATE 7HE ZNTERNAL 8_ATE5 OF THE CHZP CO RE(;
AND HAM) NO, 'tHAT THE PRGPER VALtJE_ AHE (3N '£h_

CARRY AND _IF:_ LINE

IAbUUUTC3OUO,_O2eSHAM,RA_02,0}_

TAbUUU_(OO2_QO3eRAMO2_RA_03,[30)_

_AbUUUT(QO3,QOd_RAMO3_RA_04_260)_

TAbUOUT (GO4 _,,,%RAM_RAM04 _SMAM t.5,390) ;

TABLE 61 (CONT'D)
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CPU C/_HD cHiP IN'£E_CUNNECTIONS

CIUTpIJ'[

lJ?.O- 3

'15_ - 7

UbR - 9

VCC
C,N_

tlbl - 7

U51 . a

VCC.
I157 - 7

U57 - a

vCC
w]50. - 7

1j50 . a

VC_
rib6 - 1 3

U4q" -
l)4g - !1

Ub4 - A

_.154 - 7

DE_TINATIuN

-> USO " 14,

U57 " 14,

-> U43 " Ig

-> U4J - 21

-> U58 - 15

-> tI_3 - 15

-> b43 - _7

-> tJ51 " 3,

-> U42 - 10

-> U42 - 21

-> U_7 " _t

-> U_2 " 15,

-> U42 - 17

"> UfiU " _w

-> U54 " lr
a> U49 - 13

-> U54 - 15p
-> b39 " I5

-> U39 - 17

tJ51 ", 14,
USR - 14

11b_ - t 3

1t51 - 13

t147 - 15

v!b4 - 9 -> U39 - 19
t)54 - 12 -> U39 - 21

vcc -) u54 o _, U54 "
U54 " 11, U54 " 1_

1.147 - 4 -> U_O - 15

I147 - 7 -> U40 - 17

U47 - 9 -> U4U - Iq

)!47 - 12 -> U40 - 21

VCC -> U47 - 2, 1147 - 5,
(j47 - 11 w U47 - 1_

tJlq - U -> U39 - 5, U4O - 5,
U42 - 5, U_3 - 5,

PIO - 14A

U27 - 11 -> U_4 - 1_
vl_a - !1 -> U_9 - ), 11_0 - 3,

U42 " _, 1143 - 3,

P10 - _OA

U41 - 4 -> U39 - 7, b17 " q, U29 - I_,
U4O - 7, UtO - 11, U32 - 15,

U42 " 7, blO " 9, Ulb - 15,

U43 " 7, U_J " 11, U_% " 15,

U2 - 11, U53 " 11, U_O " 11,
Uq - 11, 067 - g, U6d - q,

PO9 - 30_

C,_D "> U41 " 6 .
PlO - PO -> U)9 - 2_,. U40 " 22, U42 - 22,

U43 - 2_

I)+3 - 13 -> U42 - 2_

U_ - 1_ -> PIO - _

UA3 - Ib -> p!o - bn

v!43 - lu -> Pro - bP

t143 - 90 -> pro - l_
VCC -> U,13 - 23

w_ . 13 -> U40 - 23

1147 - 14 -) PIO - l.]t_

1)_? - Ib -> P_O - 151_

TABLE 62

°SIG NAME"

"F_EA3"

"DDOI"

"UDO0"

,,FWEAI "

"F_£A2"

"UD33"

"DD32"

"uD31"

"DD30"

"DD23"

"DD22"

"DD21"

"DD20"

" i .l"

"A*"

"_AR"

"MAR03*"

"MARO2*"

"MAHOI*"

"MARO0*"

230



u42 -
U_2 - 2O

U40 - 13

U_O - 14
U40 - 1_

U40 - 18

U_O - 20

U39 - 14

U39 - lb
U39 - 1_

U39 - 20

U56 - 10

UI9 - 11

-> PIO - 168
-> PIO - lIB

-> U39 - 23

-> P10 - 35b
-> PIO - 36B

-> PIO - 38_

-> PIO - 39_

-> PIO - 52B

-> PIO - 53_
-> PIO - 54u

-> PIO - 5be

-> US0 - I, US0 - 15, U65 - il,
U51 " I, US1 " 15, U57 - 1,

U57 - 15e bS_ - 1, U19 - 13

-> U39 - 1, U4U - t, 042 " 1,
U44 " 1, U65 " 13, PIU " 7_,

Ub6 " 4 "> U39 " 4, U4O " 4, U42 " 4,

,[,4'3 " 4, PIO " 1hA,

Ub5 " 8 "> U3b " 1, U3/ - I, 04_ - 5

U_B - 6 -> U39 - be u40 - b, U42 - 6,

U43 - 6w PIO - 2hA
U37 - 2 -> b32 - 22e U42 - 1L

U37 - 5 -> U]2 - 2J, U42 - 10

U37 - b -> U32 - 24e ij42 - 09
v;37 - 9 -> U32 - 25, U42 - O_

U37 - 12 -> U38 - 22,, U43 - It

U37 - 15 -> U3i_ - 23e u43 - 10

U37 - lo -> U3B - 24e U44 - 09

U,,t7 - 19 -> U3O - 25, u43 - 08

U36 - 2 -> U3b - 22, U39 - II

U36 - 5 -> U35 - 24, U39 - 10

U_b - 6 ->. u35 - 24j, U39 - 9

U36 - 9 -> U35 - 2,5, u39 - 8

U36 - 12 -> U29 - 22, u40 - 11

(J_b - lb -> u29 - 23, U4u - I0

U36 - 16 -> U29 - 24, U40 - 9

U36 - 19 -> U29 - 25, U4u -

Ub6 - 1 -> U20 - 4
PIO - 17A -> U63 - 12

Ub3 - 8 -> U20 - 13
VCC -> Oh3 - 13

PIO -llB -> U20 - 5, U2u - 12,

U41 - be Ut_5 - 4
U20 - o -> U33 - 11, d34 - 11, PrO - 20B

U20 - _ -> b30 - 11, u31 - 11, PlO - 18r_

U20 - 11 -> U3b - 11, U37 - It, PIO - 19r_
PlO - 29B -> U30 - 1,. d.tl - 1

U31 " 2 "> U34 " 3, U37 " 3, U'11 " 12,

P10- 13A

U31 " 5 "> U34 " 4, U37 " 4, UTI " 11,
PlO - 39A

g31 " 6 "> U34 " 7, U37 " l, U71 " 2,

PlO - 12A

U31 - 9 "> U34 - Be U37 - 8, O'l[ - 3,
PIO " IlA

U3l " 12 "> LI3_ " IJe U37 " 13, U19 " 1,
PIO " 21_

041 - 15 -> U34- 14, dJ7 - 14e U27 - 9e

PIO - 22D

U31 - IO -> U34 - 17, u3"I - 1"7, U07 - 5,
PIO - qA

" .TABLE 62 (CONT'D)

"NA_II*"

"MARIO_"
"NAR09*"

"aAROB*"

"MA_14*"

"MA_12*"
"_701""

"EX_"

"12"

"007"
"DOb"

"OOb"
"u04"

"003"

"002"

"001"
"000"

"015"

"O13"

"D12"
"D12"

"olO"

"009"

"008"

oo_l.

"TI_*"

"TUR_"

"UAT07"

"DATOb"

"DA'£Ob"

"DAI04"

"DA_03"

"DATO2"

"DA'_01"
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t131 - 19

U JO - 2
U._O - 5

U3O - 6

U JO - 9

UJO - 12
L130 - 15

U30 - lb

U JO - 19
U38 - 9

U14 - "/
U14 " 9

VCC

GI%D

U_ - 10

Ub - _3

Pln - 2.JE ..> U13 -
U0b -

U13 - e -> u04 -
U14 -

IJ13 - b -> P10 "
U13 - 8 -> U04 -
VCC -> U13 "

U12 - 3 -> U7 -

-> U34 " 18, U37 " 1.8, U07 " 11,

PIO " 2 1B

-> U33 " 3p U36 " 3, PlO " 38A
-> U33 " 4t U3b " 4'e Pl0 " 36A

-> U33 " 7, b.Jo-" 7, PIO " 33A

-> U33 - 8, U36 - 8, PIO " 31A

-> IJ3 _, - 1..]p U3b - 13e PIO - 31b
-> U33 - 14e b3b - 14e PrO - 34A

-> U33 - 17e U36 - 17e P10 - 33_

-) U33 - 18e LlJb - 18, PlO - 34d.

-> U14 - 10, U35 - lb

-> u05 - 8e ulJ - 2

-> bob - 11e UlJ - 12

-> U14 - 4_ U14 - J.2
-> U14- 5, U14- 11

-> U13 - 3
-> U13 - 11

1, U13 - t3, U6 - 13,

1
3, Ull " 4, U12 " 4,

6, U44 " '9,, PIO " IA

.3B

2e Pro - 2B
4, u13 - 10

3

U35 - 34 -> U48 - I, U7 - 6, U4_ - 2w

U9 - 4, P10 - 30A
U48 - 2 -> U7 - 10

UU5 - 1 .> U7 - 15

U07 - 7 °> b06 - 2
U07 -. 9 -> U06 - 3

G_D " °> U07 - 13

U05 - 4 -> U19 - 2e U19 - 4, U64 - 1,
Oh5 - 3

U27 - _ -> U19 - 5
u19 - 3 -> Uo_ - 12

U19 - b -> U06 - 11

Ub4 - 3 -> U62 - 1

U0b - 5 -> uO4 - 1
II06 - b -> U72 - 15, PlO - 35A
U06 - _ -> U63 - 5, d72 - 1, Pro - 5A

UOh - 9 -> U41 - 12

VCC -> u06 - 4e U_b - i0

U65 - _ -> U71 - 1, _71 - 13
U62 - 3 -> Pl0 - 27A

GND -> U62 - 2

U71 - b -> U72 - 13, Pl0 - _A

U71 - 6 -> OT_ - 12, _10 - IOA

VCC -> U71 - 4, o71 - I0

U64 - b -> U28 - 9

GND -> U28 - 10
U28 " lb -> U04 " 14e Ubl " 4,

PIO - 37A

U72 - b -> UI2 - 10
GND -> U72 - 7

PIO - 2A -> u72 - 4

PIO - 3A --> U72 - 3
PI0 - 4A -> U72 - 2

U12 - 6 -> U09 - 14

Ub5 - 12 -> PIO - 6A

Pl0 - 2,_E -> u04 - 13

TABLE 62 (C0NT'D)

"UAIO0"

"DATlb"

"DATI4"

"OATtJ"

"UA_I2"

"DAT11"

"UA£1U"

"DA_09"

"DATO_"

"A"

"AUV"

"FUV_"

"FOV"

"PF£I*"

"NPF_I_"

"¢AM_"

"K[,AGI"

"FLAG2"

"aPTOV_"

"EX'£1"

"_X'[2"

"EXT3"

"CON"

"N&£L_"
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U04 - b -> U49 - I

VCC -> bO_ - 4

U03 - b -> U49 - 2

U49 - 3 -> U70 - lie U12 - 1Jw

P%0 - IOA

U04 - b -> U49 - 4, U61 - 13

PIO - 24A -> U63 " t

Uo3 - 6 -> U49 - 5
U49 - 6 -> UTO - 10-

PIO - 19A -> U46 - 13

U48 - 12 -> UTO - 15

UiO - 1 -> U53 - Ip PIO - 23A

U70 a 2 -> U45 - 15e PIO - 22A
U70 -

UTO -

U70 -
d70 - 6

UTO - 7

U70 - 9
UI2 - 11

Ubl - 7

U_ 1 - 9

3 -> bb9 -

5

1, U69 - 151 PIO - 21A

-> U61 - te UbL - 15s PIO - 2UA
-> U62 - 4p U62 - 10
-> Ubl - 2

_> Ubl " 14e U41 " 2
-> U46 - le U21 - 9e PIO - I_A

"> Ubl - 1.1e U61 - 12

-> U45 -

UO8 -

b66 -
-> U45 -

UOb -

Ubo -

7, Ulb - 2, U52 - 2,
2, U59 - 2p U22 - 21

2e U01 - 2e PIO - b4A

6p U15 - le U52 " It
le _59 - Is U22 " 1,

lw u01 - le PtU - 55A

"COND"

"ARM"

"bllR_"

"UMAI"

"UMAO"

GI_D -> bb9 - 2, IJ69 -

U69 - 12e U69 - 14

ubq - 9 -> U45 - 8p U15 - 3, U52 - 3,
U08 " 3, U59 - 3, u22 - 3,

Ubb " 3e U01 " 3_, LJ53 " 19e

PIO " 53A

Ub9 " 7 -> U45 " 9, Ulb " 4, u52 - 4,
UO_ - '_, b59 -. _, U22 " 4,

U60 " 4, U01 - 4, U53 - 16,

PIO - 52A

UO9 " _ "> U4_ " 11e Ulb " 5w U_- - _e

UOd - 5, U59 " 5, b22 " 5,

Ub6 - ,5, U01 " bo US3 " 15,
_10 - 51A

Ub9 - 3 -> U45 - 12, Ulb - 14b, U52 - 16,

U08 - 10, U5_ - 1_, U22 - lb,

u12 " 16, O6b - 16, U53 - 12,
_I0 - 50A

Ub9 - 11 -> U45 - 13, UI5 - 11, U52 - 17,
U08 " 17, U59 " 17, U22 - 17,

U61b " 17e U01 = 17, U53 " 9,

P10 - 4qa ..

UO9 - 13 -> U45 - 14, U15 - 1_1, U52 - l_e

dOU - 18, U59 - 18, U22 " 181

U66 " 18, UOt - 18, u53 - 6,
PIU " 48A

GND -> L182 - be U62 - g
UO2- 8 -> b15 - 1_., u52 - 19, U53 - 5,

UOd " 19, U22 " 19, U59 " 19,

U66 " 19, 001 " 19, PrO " 47_

tit)2 - Ib -> Lit5 - 15, U52 - ib, 053 - 2,

U08 - 15, U22 - 15, U59 - 15,
ubO - 15, UOI - 15, _10 = 4b_

Ub2 - b -> U66 - 13

Ub2 - 7 -> ubO - 18

I_B.E 62 (CONT'D)

_, UO9 - b, Un9 - I0,

"UHA2"

"UMA3"

"UMA4"

"UMAS"

"UMA6"

"UMAT"

"U_A9"
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U52 - B -> U53 - 7

Ub2 - 9 -> U53 -

U52 - 11 -> U53 - 1J
U52 = 12 -> U53 - 14

U52 - 13 -> U53 - 17

U52 - 14 -> U53 - 18

USq - b -> UbO " 13
U59 = 7 -> 060 - 1'1

U59 - 8 -> U60 - 3

U59 - V -> U60 - 4

U59 - 11 -> UbO - 7

U59 - 12 -> U60 - 8

U59 - 13 -> U53 " 3

Ub9 - 14 °> U53 - 4
Ubb - b --> U68 - 12

Oh6 - 7 -> UbO - 14

(Job - _ -> 067 - 4
Uob - 9 -> Ub7 - 5

Oh6 - 11 -> Ub7 - 12

Ub6 - 12 -> U67 - 13

Uo6 - 13 -> U6B - 4

Ub6 - 1_ -> U68 - 5
UOl - b -> u02 = 3

U01 - 7 => U02 - 4

UOt - 8 -> U02 - 7

UU1 - 9 -> U02 - g
UO1 - tl -> OO2 - 13
U01 - 12 -> U02 - 14

U01 - 13 -> U02 = 17
U01 - 14 -> U02 o 18

U22 -.. b -> 023 - 3

U22 - 7 -> U23 - 4

U22 -
U22 - 9

U22 - 11

U22 - 12

U22 - 13

U22 - 14
UOR - b

B -> u23 = 7

-> U23 - 8
-> U23 - 13

=> U23 - 14

-> b23 = 17

=> U23 - 18

-> 016 - 13

U08 - 7 -=> bib - 14
UU8 - _ -> Ulb - 17

UO8 - 9 -> 01o o 18

U08 - 11 -> U10 - 4
UOB - 12 -> U10 - 5

U08 - 13 -> hi0 - 12

UUB ° 14 -> UIO - 13
U15 ° b -> U17 - 4

U15 - 7 -> U17 - 5

U_5 - 8 -> UI7 - 12

U15 - 9 -> U17 = 13

IJ15 - 11 -> Ulb - 3
U15 - 12 -> UI6 - 4

UI5 - 13 -> Ulb - 7

UIb - 14 -> Ulb -

U21 - 11 -> U50 - 5, 01_ - 6
U21 - 12 -> d50 - 11o Ul_ - 10

U21 - 13 -> Ub7 - 5, 02b - b

U21 - 14 -> u57 - 11, V2= - 10
vCC => U21 - 1

PlO - 25A -> U4_ - 9

U_I - I -> 041 " 11

"IH07"
"IRO6"

"IM05"

"I_04"
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U41 - 13 -> U4b - 17

U48 - b -> U4b - 18

U_6 - 2 -> 025 - 4w PIO - 45B

U_b - 5 -> 025 - 12o PIO - 408

U46 - b -> Ulb " 5, U29 - Ip
032 " 1, 035 " to

U3B " lw u51 - 5e USl " _t
U5T " be U57 - lOp U50 = 6p

U50 = fOe PIO " 5IB

0_6 - 9 "> 018 " lle uS1 - 10w

U51 = 11, 029 - 2,

U32 " 2, 03b - 2, U3a - 2,
PIO - 43B

U46 - 12 => U25 " 5, U58 - 5,

058 - 6, U29 - 3,

b32 " 3, b35 " 3, U]_ " 3,
PIO - 12B

U_6 - 15 -> 025 - 11, 05_ - 10_
U58 " lle 02I - 2e
PlO - 10_

U46 - 16 -> 063 - 2, 041 " 3

046 - 19 -> 064 = 4

PlO - 29A -> U48 - 3
U_8 - 4 -> U09 - 3

IJ35 - 11 -> U09 - 7e b29 - 11, U32 - It

036 = lle PIO " 98

IJ35 - 31 -> 009 - 8, Ull - It,
U44 - 1, hi2 ° 5, PIO - _1_

U35 -.33 -> 009 - 13, PIO - 42_

PlO - 25B -> U09 - 17

PIO - 2bB-> OO9 - 18

UO9 - 2 -> dZ2 = 14e U6j - 4
U09 - 5 -> 003 = 3

UU9 - 6 -> 003 - 2

UO9 - 9 -> U03 - 1

U09 - 12 -> _03 - 15
009 - 15 -> U03 - 14

U09 - lb -> U03 - 13

009 - 19 -> 003 - 12

VCC -> U09 - 1

UbO - 2 => U1_ - 3
UoO = 5 -> U18 - 13

U_O - b -> 025 - 3

060 - 9 => 021 - 7, U21 - 10

UbO - 12 ->

UbO - 15 °> U64 - 5, UTO - 12
UO0 - lo ">

UbO - 19 -> U61 = 5e 061 ° 6

Uo7 - 2 -> PlO

Uo7 = 3 -> PIO
067 - 6 -> PIO

Uo7 - 7 -> PIO

Uo7 - 10 -> P10

067 - II ->

Ub7 - 1_ -> PIO
Ub7 - tb -> PIO

Ub_ - 2 ->

Uo_ - 3 ->

Ubg -

U08 -

- 48B

" 47Bw 063 " 9

" 43A, b5_ - 2
" 42A

" 41A

- 44B, U63 - 10, 056 - 3
- 49B

b => U29 " 40, U32 " 40,

U35 " 40e b3_ - 4o

7 => b34 - 1_ UTv - 14, 033 = 1

"LHO9"

"I_08"

"I_03"

"IH02"

"I_01"

"i_00"

"VEIN"

"HAGI'b"

"IN*"

"SIGN"

"CUUT"

"l_5"

"UOI"

"U02"

"U03"
"U53"

"055"

"042"
"tJSO"

"Obt"

"027"
"027*"

"U2E_"

"U2_"

"029"

"u29*"

"ll]O*"

" U _ 0 "

"ub4"

"U54""

"[J40="

"U40"
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U08 = 10

Ub8 " 11

Uo_ " 14
Llb8 -, 15

U02 - 2

U02 " 5

L102 " O
U02 - 9

UU2 ," 12

U02 - 15
U02 = lb

UU2 = 19
VCC

UZ3 - 2

U23 - 5

U23 - 6

U23 - 9

L123 - 12

U23 - 15

U23 - 16

|J23 - 19

VCC

UIO -
U,LO -

UIO - b
UlO - 7

UIO - 10

UlO o 11

UlO - 14

UlO - 15

VCC

n16 - 2

U16 - 5
UI6 - b

U16 - 9

U16 - 12
O16 - 15

U16 o lb
ul6 - ts
VCC

U17 = 2

U17 - 3

U17 - b

U17 = 7

017 - 10
U17 - 11

U17 - lb
VCC

-> U61 - 3, U'lO - 13
-> U45 = 19

-> U12 - 12

-> U61 - I0

o> U03 - 9, U04 - 9

-> U03 - lOe U04 o I0

o> U03 = It, U04 o II

-> U48 - 11,

o> UII - 2,
-> Ull " 14,

-> 064 = 9, U28 - 7

-> U6_ - lop U2_ - t

-> _02 - 1
o> U29 " 12, U32 - 12,

U35 o 12p U3B - 12

-> 029 - 13, U32 - 13p

U35 " 13, U38 - 13

-> U29 - 14, b3_ - 14e

U35 = 14_ U3_ - 14
-> U29 - 26, U32 ° 26,

U35 " 26, U3G " 26

-> U29 ° 28, u32 " 2U,

U32 ° 28, U38 " 2_

-> U29 - 21p U32 o 27,
U32 - 2'Ip U3B o 27

-> U29 " 5, U32 o 5,
U32 " 5, U3B - 5

-> U29 " 6, b32 " 6_

U35 - 6e _38 - o
-> U23 - 1

2 -> U07 - 4", U05 - 3, 085 -. 5
3 -> 007 " 1, u07 - 12, U27 - 10,

U64 - 2

-> (in5 - 5e U05 - 12, U14 - 15
-> U05 - 9, O0"l - 14, Ot_ - 1

"> U04 " 7

"> U03 = 7
-> Ull - 15

=> Ull - te U29 - 7, U32 - 7,

U35 " 7e U3B - 7
-> ulO o 1

-> U20 " 2e U49 " 12, U5_ " 9
"> U27 " le _27 " 4

-> U18 - 2w 025 - 2

-> U18 " 14e U25 - 14
-> U2U - 10

-> U05 " 2e U05 - 6, U07 - 2
-> Ul_ - 2

-> U14 - 14

-> U16 - t

-> U50 - 2e u51 - 2, U57 - 2,
u58 - 2

-> b49 - 9, USb - It, U65 - 10,
U19 " 12

-> U27 " 12, USb - 12

-> UI9 - 9e u2U - 1, USo -

-> UI9 - 10, U65 - 1

-> u56 - 5w U64 - 13
-> O5b - 6, U65 - 2

-> U27 - 13, Ubb - 9, USB = 13
-> ul7 - 1

TABLE 62 (CONT'D)

"U41"

-"d41 _"
"U52_"

"U52"
"U37"

"b3U"

"U39"
"UUg"

"UOT"

"UO_"

"O2_"
"U2b"

"UI()"

"Oil"

"_12"

" U 13 "

"dr4"

"Ulb"

"b16"

"UI_"

"U33="

"U33"

"U3b"

"U17_"

"LI17"

"U22"

"004"

"UOS"
"uOb"

"Ulg"

"b32"
"u3_"

"_JS"

"U20"

"U2O*"

"U2I*"

"u21"

"u23"
"U23*"

"u_4"
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Pl0 " 5UB "> U60 - le U67 - Ip U68 - 1

U25 - 7 "> U72 " IOe U29 - 1_ U32 - lee

U35 - lew U3b - Xe
U25 " 9 -> U27 - 5

GhD -> U25 - Xw U25 - 13e U25 - 15

IJ18 - 7 .> U12 " 9o b29 - 2Oe U32 - 20e

U35 - 20e U38 - 20
UL8 " 9 -> 072 " 9e U29 - 19p 032 " 19p

U35 " 19e U38 - 19

G_D -> U18 " le U15 " 4e UI_ " 12,
UXB - 15

U27 - 6 -> U72 " 11p U29 - 17p U32 - 17,

_35 - 17e U38 - 17

u27 - 3 9> u29 - 4o U32 - 4e U35 - 4,
U36 - 4

U48 - 10 -> U24 - 13, b38 - 29
U24 ° 3 -> U38 - 32

U24 - 4 -> u3E - 35

U38 - 3_ -> U31 - 18w U34 - 19_ U4b - 14

USB - 12e U2E - 3

U38 - 37 -> u31 - 17, u34 - 16r U46 - 13

U5_ - 4e U28 - 4
U38 - 3H -> _31 - 14, U34,- 15p U_b - 8

U51 - 12_ u2_ - 5
U_8 - 39 -> U31 o 13e U34 - 12w U4b - 7

U51 - 4_ u28 - 6
U24 - 1 -> U32 - 32

U24 - 2 -> U32 - 35

U24 - 12 -> U32 - 29

U38 - 16 -> U32 - 21
U3_ - 8 -> u32 - 9 •

U32 ° 3o -> U31 - _, U34 - 9. U4b - 14,

U57 - 12eu21 - 3

U32 " 37 "> U31 " 7, U34 - 6, O4b - 13,

" U57 - 4, u21 - 4
U32 - 3_ "> U31 " 4e "U34 " 4, U4b - 8,

U5O - 12e u21 - 5

U32 - 39 -> u31 - 3, U34 - 2_ U46 - 7_

U50 - 4_ u21 - 6

U24 - 11 -> U29 - 29
U24 - 1_ => U29 - 32

U24 - lb -> U29 - 35

U32 - 8 -> _29 - 9

U32 - lb -> U29 - 2t
U29 - 30 -> U30 - 18, U33 - 19, 0.41 - 13

U45 - Xp U4b -
U29 - 37 -> U30 - 17e U33 - 16, U_7 - 10

U45 " 2e U46 - J

U29 - 29 -> U30 - 14p u33 - 15, U47 - 6
u45 - 3

U29 - 39 -> U30 - 13e 033 - 12e U4I - 3

U45 - 4

U24 - 9 -> U35 - 29

U29 - 8 -> 035 " 9

U29 - 1_ "> U35 " 2t
U35 - 3b "> U30 - 8, U33 " 9, O4_ - 5.

U54 - 13

U35 - 37 -> U30 - 7, U33 - :6, U45 - _6_
US_ - 10

U35 - 3_ -> U30 - 4, U33 - 5, U45 - 17.

U54 - b, U12 - 2

TABLE 62 (,_-ONT'D)

",.SPbO"

",._ VAO"

"CN "

"¥00"

"t01"

"k02"

"_03"

"Yo4"

"i05"

"_06"

"¥07"

"¥08"

"¥09"

"¥10"

"YII"

"Y12"

"Y13"
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U35 " 39 -> U3U " 3, U J3 " 2w U45 " 1_o

b54" .3, U12 o lw U14- 3

U12 ° b .,> bll - 12, u14 - 13

U44 - 3 -> Uli - 5

UII -, "1 -> U3b - B

Ull - 9 -> Ull - 3, U04 - 15, U3_ - 21

G_D -> Ull - 6, u11 - I0

"Qbrl. "

TABLE 62 (CONT'D)
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CPU .BOARD CON_ECTUR PIN8

CONN pIN

Ji0-iA

JtO-IB

JI0-2A

J10-2b

JIO-3A

J10-3b

J1n-4A

Jt0-4B

JI0-5A

JIO-SB

JI0-6A

Jl0-6B

Ji0-TA

JIO-7B

J10-Bk

Jl0-SB

410-9A

JIO-gB

JIO-IOA

JIO-tOB

JI0-IlA

J10-11_

dlO-12a

J10-12B

JI0-13A

JIO-13B

JIO-I_A

JIO-14B

$1G IOENT IC PIN

IND U13 - b

GND

EXTI U72 - 4

LINk UI3 -

_XT2 U72 - 3

INP* U13 - 5

EXT3 U72 - 2

_AR03* U43 - t4

PFEIN U06 -

MAR02* U43 - Io

H&TP* O_5 - t2

v_R01_ U43 - I_

EX*. 019 - 11

_ARO0_ U43 - 20

FbAGI IJT] -

OMAR* U3g - 22

DATOI U37 - 11

ZERO U09 - I

FbAG2 U71 -

THOU U25 - 11

DAT04 U37 - 8

AI U20 -

DAT05 U37 - 7

IR01 U25 - 5

OAT07 U37 -. 3

_A_07_ U42 = t4

I3 U19 - U

Gi_C

TABLE 63

FUNCTION

OUTPUT

I_PUT

OUTPUf

INPUT

INPUT

I_wPdT

OUTPUT

OUTPU£

OUTPUT

OUTPUT

OUTPUT

OUTPUT

_UTPUT

OUTPUT

INPUT

I/U

OUTPUT

OUTPUT

OUTpIIT

IIO

INPUT

OUTPUT

IIO

OUTPUT

ObTPUI
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J10-15A

dl0-tS_

J10-1b_

J10-16B

J10-17A

J10-17R

JIO-IHA

JlO-t_

JIO-I9A

010o198

J10-20_

JtO-20B

J10-21A

J10-21_

JIO-22A

J10-22B

J10-23A

JI0-23B

JIO-2_A

JlO-24R

JLO-25A

J10-25B

JlO_2bA

J10-2bB

JiO-_TA

JlO- 7 

JlO-2UA

JIO-_R

JlO-29A

J10-29R

ETI_

_AR06=

MAR05*

QMI_

_AR04*

CUND

T_ST*

TDP*

EGSB*

TIB*

ESPC*

DAT03

E_TRT*

DAT02

A

A_M

SAT*

HALT_

REAb¥

EDR

TSS_

IAM*

DATOO

GNO

G;,D

IR=

EOUT =

U46 - 1

U42 - 16

U56 - 4

U42 - te

Uo] - 12

U42 - 20

U49 Q 3

!J20 r 8

U48 - 13

U20 - 11

U70 - 4

U20 - b

U70 - 3

U37 - 13

iJ70 - .2

U37 - 14

U70 - l

U13 - 1

U63 - 1

U04 -

U48 Q 9

U09 - 17

U48 - 60

U09 - 1_

U48 - O

U37 - 18

U48 - 3

U30 - 1

UUTPUI

OUTPUT

UbTPUT

OUTPU£

INPUt

OUTPUT

OUTPUT

ou'rplJr

INPUT

OUTPUr

OUTpH_

OUTPU£

OUTP[J[

II(]

OUTPUT

Z/O

OUTPUT

INPUT

INPUT

INPUT

OUTPUT

INPUT

OUTPUT

INPUT

OUTPUT

T/O

INPUT

INPUT
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JtO-30A

J10-308

JIO-31A

Jtn-318

JIO-32A

J10-328

JIO-33A

JtO-3JR

JlO-31A

J10-34_

Jtn-J5A

J10-358

JIO-36A

JIO-36B

JIO-37A

JIO-37R

JIO-38A

J10-38_

JtO-39A

JIO°39B

JlO-40A

JIO-40B

JIO-41A

JlO-41B

JlO-42A

JtO-42B

JlO-43A

JlO-43B

JIO-44A

,J10-44_

J10-45A

AUV

A_

DAT12

DAT11

5VDC

5VDC

DATI3

OAT09

OATIO

DATO8

FUV

_ARI]_

DAT14

MARtO*

_PTOV_

G_D

DAT15

WAR09=

OAT06

MARO_

tl

TR08

U29

SIGN

U2_

CUUT

tJ2B=

IH02

030=

GmD

TABLE 63

U09 - 4

U38 - 15

U36 - U

U36 - 13

IJ3E - 1

U36 - 17

1;38 - 14

U3b - !B

U06 - b

U40 - t4

U36 -

U40 - Io

U04 - 14

U36 - 3

;140 - 18

U37 - 4

U40 - 2O

UB4 - 11

U25 - 12

U67 - !0

U09 -

Ub7 - 7

U09 - 13

U67 - b

U18 - 11

Ub7 _ 1_

(CONT'D)

OUTPUT

INPUT

I/O

I/O

I/O

i/O

£/0

_UTPIJ¢

OUTPUT

I/O

OUTPtJ1

OUTPU?

I/O

OUTPUT

I/O

OUTPUT

OUTPUT

OUTPTIT

OUTPUT

OUTPUT

oUTPUT

OUTPUT

OUTPUT

OUTPUT

IHPUT

nU_PUT
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J10-458

JlO-4_A

JI0-46B

JIO-47A

JIO-47B

JIO-48A

J10-4_

JI0-49A

J10-49B

JtO-50A

J10-50_

JlO-51A

Ji0-51B

JIO-52A

j10-526

Jt0-53A

J10-53B

JIO-54A

JIO-5_B

JlO-55A

JlO-55B

JI0-56A

JIO-56B

IH09

U_A9

GND

UMA8

IJ27_

UMA7

U27

UMA6

U30

U_Ab

POS

lIMA4

IR03

U_A3

MARtS_

U_A2

_AR14_

UMAI

_AR13_

UHAO

G_D

VCC

MAR12_

U25 - 4

U15 - tb

U15 - 19

U_7 - 3

U15 - tb

U67 - 2

U15 -i7

Ub/ - t5

U15 - tb

U60 - I

U15 - 5

Ut_ - 5

U15 - 4

U39 - 14

U15.- 3

[139 - tb

U15 - 2

U39 - 1_

U15 - 1

U39 - 2O

OUTPUT

OUTPU_

OUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPUT

INPUT

OUTPUT

OUTPU'£

OUTPUT

UUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPU£

OUTPUT

OUTPUT

TABLE 63 (CONT'D)
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APPENDIX F

TIMING AND CONTROL CARD DESCRIPTION
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This Appendix contains:

o

o

o

o

Table of chip labels vs chip type,

Table of connections between chips and card connectors,

BLISS program for interchip connections, and

Description of each external connection for J9 timing and control

card.

o
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TIMING & CONTRObCHIP LABELS _oo -_

CHIP ID CHLP TYPE

U,_
U5

l}13
U2I
U32

bJ8

U44

= 7_.L5.11 RE(_UIH_D

= 74.bS.Od REQUIRED

= 74._m10 kEQuIREO
= 74.8.37 R_QUIRED
= 7_.L8.00 R_QOIkEO

= 7_._0 R_OU.IRE!}

= 74.8.20 RKQOIR_

TABLE 64
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TIMLN(, AND cn_'rH_b CARD CtIlP I NIF..RCUN h ECT I(3NS

OU'r.PU'_ DI..'S'IT t_A T !ON "@IG HAMS"

P09 - ?IF -> U32 - g, II3B - 13, UI] -

U44 - 4

poo - 23C -> !v]_ - I, tJ32 - 5

DOg - _4C -)

POO - _IC ")

POq - 25C ->

PUQ - 4C ->
POq - 18_ ->

POq - 1_C ->

U32 - 8 ->

U13 - 12 ->

9, "U27""

tl.12 - 2, II13 - 13

1132 - 4, U38 - I0, [lJ2 - !0,

I144 - l

I11_ - 2

!113- 11

vii3 - l, UI] - 10, I}44 - 2

U44 - 5

PUq - 5hA

u04 - ]

t!32 - 3 "> '304 - 5, PG9 " 19C

U13 -

I137 - b

UO_ - b

!I ,.l4 - b

UO4 " b

VCC

-> If05 " 5

-> 'I05 " 4, Pug - _2C

-> POo - _7B

-> 1138 - 9, II04 - +%, POq - 27C

-> POO - IOC

•.> IT3R - 1 2

-> POq - _.SA

"U27"
"g2_*"

"U_8"

"U_O*"

"b30"

"U29"

"IND*"

"MEMO"

._ ]'OW,,,

"UIl*"

"u[UIN*"

"MM_"

"E_UT*"

L+ +

TABLE 65
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_ODUt,E P_T (LAMGT!AGE(%P&I_S36(BbI3S36)

%_I, ISS32(_LL_32)

ao_ressing.mode(externaZ = lonq.relative,

nonexternal = iono.relatlve) ) =

nECIN
ChOrAL ROUTINE PAHTT2 z novalue =

B_GTN %( FFTCH PARTITION )%

_r_iT_pARTITION FFRFL)RM8 THE P'ETCHiN(_ PflHTI_N OF' AN

£N_TRUCTION CYCLE OF THE BDX q30 CU._PU'_H.

IT CORTAIN@ 'IHE FCLLOWI_IG PART5 OF

_FNE COMPUTE m:

FbAG AND _TATUS RKCIS'IKH

.EMURY DAIA BUS

require "GbO_ac,r32";

require "RI_IESI,r32";

LOCAl.

A, B, C, D, F, YA, yn, 01ON, OTOINN, GND, d_ Kw KKI

LOCAL

.TTOOp TT01, TT02, TT03, TT04, TTGSt TTOb, _T07., TT08,

TT10, ITllw TT12w TT13p TTI4, TTIS;

_T09,

external routine TC153,TCl13,TC174,TC245I,TC24bO,RWMEM,ALIll,A&IIT,TC257_

EXIEH_AL JPaRT;

= 571_ J = O;

! _IMING AND CONTROL CARO CHTP IN+IERCONNKCTION_

! PAHTITLOI_ 2

!
I

! OUTPI_T DESTIi_ATIUN "STG NA.ME ''

!

! T_MING Sl(;hAb_ fOR MEWURY FETCH AND STORE

POO - 21n -> 1332 - 9, U_ - 13, U13 l 9,

U44 -

Pug - 23C ->' L!3_ - I, 1J32 - 5

PU9 - _C -> !132 - 2, U13 - 13

P09 " 21C "> IJ3_ - 4, U3_ - lO, II32 - IO,
U44 - 1

POg - 2bC -> _!13 - 2

P0q - 4C -> _v13 - 11
PUg - !8C -> I113 - 1, 1113 mm IIU# H44 - 2

PU (} - 15C -> U44 - b

TABLE 66

"U_7*"

"U27"
"U2B*"

"U2W"

"U30*"
"U30"

"U29"

"IHO*"
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_A,_(_E_,U2u,U27N); NAN_3(A,UZSN,U29,UJUN);

U32 = 8 -) PU? " 5hA

Ul] - 1_ -> U04 - 3

i_AND (O IE](_ wU27 e U28N ) ; NAN[_3 (.O.[OINiwpU27Ix, U29, U30) _

U32 -

Ui3 -

U32 -

Uu5 -

3 "> U04 - 5, FOg - 19C

8 -> UOb - 5

o -> U05 - 4, P09 - 22C

b -> PO9 - 27B

"_ I{J_"

"ulI.[JJ N :_"

&AiwD4 (MMp,, U27N, U28 ,I.129, .I.NDN ]

U_4 - b -> U38 - 9, U04 - _, P09 - 2tC

U04 - 6 -) POg " 3UC "_,UUT_"

NAJ'_D3((JI_IN,U27N,U2b,t_MN);

VCC -> IJ3U- 12

L138 - 8 -> PO9 - 25A

ENL)_

END
EbUOOa

! _CUTINE EARTh2

L P2

TABLE 66 (CONT'D)
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TIMING AND CONTROb_OARDCONNECTOHPINS

CONN PIN

J9"4C

J9"15C

Jg"IBC

J9-19C

J9"216

J9"21C

J9"22C

J9"23C

J9"24C

J9"25A

J9"25C

J9"27B

J9"27C

J9-jOC

Jg-b5A

5LG IDENT IC PIN

U30 U13 - 11

IND_ U44 - 5

U29 U13 - 1

OLO_ U04 - 5

U27. U32 - 9

U28 U32 - 4

QLI. U_2 - 0

U27 U_2 - 1

U28_ U32 - 2

U30_ U13 - 2

QIOIN_ UO5 - 6

MM_ u3g - 9

EOUT_ UU4 - 0

WEM_ U'32 -

FUNCTION

INPUT

INPUT

INPUT

OUTPUT

INPUT

INPUT

OUTPUT

INPUT

INPUT

O_TPUT

I_UT

OUTPUT

OUTPUT

OUTPUT

OUTPUT

TABLE 67
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The BDX930 contains three sets of PROMS whose functions are:

0

0

0

Sequencer Control (54S288)

Microcode Starting Address (54S472), and

Microcode Memory (Seven 54S472) -

The data to be entered in these PROMS is included in this Appendix.
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LOCATION CONTEh"rs _JNCTION

o_
Z

+

00000

01

10

11

00100

Ol

10

11

01000

01

10

11

01100

01

10

11

10000

01

10
II

I0100

01

10

11

11000

01

I0

11

11100

01

I0

11

PIN # 12345679

11 O00 II0

11000110

11000110

11 O001 I0

10110100

10110100
1011010O

101101O0

10110110

11000111

10110110

11000.111

01101001

01101001

10110110

11000111

01101011

01101011

01101011

01101011

00000000

00000000
00000000
00000000
1011O1O0
1011O1OO
101.10100
10110100

01101101

01101101
011011O1

01101101

POWER ON

EXTENDED INSTR.

RESTART

• _TI'% 7 7CONDI_ _,_NA_ START

CONDITIONAL BRANCH

Q

SP._uRE

EXECUTE REGISTER

CONDITIONAL MULT!WAY

• SEQUENCER COICTROL PROM

TABLE• 68
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7
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9

I 0
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15
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2_

_6
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" i"_9

:3 V

3i

,' 4"

3_
3_

37
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-$9

d .i

11 ii

lI 6

t;9

50
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6 35 • 0 OVO ui i0 0"):00011 Ai:O

13 0 ('00 Ol :.I 90':.,i)l I01 ICLI.,

/,n 1) 000 1') O0 O01tito,io A"I"_

3_ C, OOG l.;) ()) S,CI.;)(;nOU .iV.

56 00F, C io lO UC..,_.)i)I. O0 OP,

2J?, 0 000 10 I.'. C,C,OII. IO0 i,PY

(I! 0 UO0 I 1 O0 <)OlOlOO) 5L.'i',R

3t'; 0 ()OO I l Ol C(.'.IO01IO ACI.I

-_a 0 000 II It; uOlOOOlt) Ci,_PR

2. t; 0 000 il. II 000111.01 OiV

• ,, )17"i 0 i;Ol e.)O O0 ltil_(,O!U jtJ

I_6 00t>i ',)00l lOllIulO ,ILIAO

,o,, 0 uO{ (;(; I0 I0111110 dg.gl

6f_ 0 UOI .()0 tl Ol(;OOOlO Jl.;;',,O

IgG 0 0(_1 Ol 0(3 IL,IIOiOO JU

1,.;7 000l i_l Oi lO!£iOII JSAO

iql O OOl t;l 10 iOi)!ill J-:,,i

6/ 0 Or! 6:I i I. 0i000011 ,liqA,j

182 C 001 lO O0 1(31i01),(,' JU

it") 0 o(,I I00l {C:IJllOt JS_'O

192 O OOl IO tO liO0oooo ,I_AI
6_5 (.)001 i0 It 01000100 dbiAO

ltl-g 0 001 II O0 "()tllOO'J JU

I(-I, U 00). !I C'l )i)llilO0 J_3AO

!93 0 O.Oi Ii 15 llO00001 .lcSAI

6>9 000l 1t i i Ot6OOiui jI.:AG

74 0 010 O0 O0 01.0010_,0 ACt)

7zl 0 OiO oU UI OlOOl01u AI)O

7_ 0 OlO 0,9 i0 ,930j1010 AOI)

7" 0 010 CO 11 C:IL'OIOIU ADD

Y5 0 010 CI O0 Oi(,'OiOll /,()L)

75 0 010 C'I (.,I OIGOI!)I.I AOI;

75 u t.'.;.O.k)l I0 010"I.';II AD('J

75 0 010 Ol I! u).O010).l AI)D

16 O 010 lU V,9 01._)01)00 ADO

7(, mr.)OlO tO Ol (31.Ouili.)t; AL;{)

76, 0 010 lO IO OlOOklOU ADO

7 _-,. 0 ('i0. IU ILl *)_,,,,_.101: AO0

?'i 0 O!() I I O0 Olui.:i TO). AI)D

77 (.)Oft) I i C.'! (.'ll)Oilul AI)9

/7 00IU Ii 19 OIU<){ fill AI;()

/7 1; 0!0 II Ii Ott,Oi. lul AI;,i)

'7V, 6) ilk ! (1(} O0 t.';,)OlIli) Iit;13

/(_ 9 Ul i OU 91 L)). '),./ l '. It) :_i.li",

7_i ,) 0 I 1 ,.I(;1.0 Oj."_,;i [ I(' (;UII

71, 0 (;) I tie } I ,)lu,;l.ii(" %i!Li

/": 0 Jill Oi O0 9li'Ol) tl :,:))) TABLE 69
/') 0 (_1 i :',I u' (il'.i_l iIt Cil.,p,

"''_i . t> 1" I I _1. I i,+. iJ ['_i) i t l ! :i!11!
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'._')

", h"

5/
5d
b ')
bO
81
b
6_
b II
65
5 b
W/
68
69
/0
71
12
7_

75
76
77
78
19
8O
81
_2

.8._

_6
8'
88
89
90
91

92

q-q
95

, 97
98

'. 99

IoO
r 101

! O_
10]

t)ti
105
190

I07

I 08

IOU

II0
III

liP.

li .i

Iirl

II5

,,, II/

"_') {, (.;!$ oi I l

IIc, U ull I(} 0u

6:0 () 011 lu 01

80 0 011 It) IO

60 0 01 I 10 ! I

81 0 Oll II- 00

/_1 0 011 II Ol

81" 0 011 II I0

81 0 0!i II 11

70 0 I00 O0 00

7u 0 IO0 O00l

70 0 I00 O0 I0

"/0 0 100 00 II
71 0 IUO Ol O0
71 0 I00 Ol Ol
II 0 100 Ol I0

71 0 100 Ol I I
7Z 0 I00 10 O0

72 u i00 10 Ol

7P. 0 I00 1.0 10

72 0 I00 I0 11

73 0 I00 II 00
73 0 100 11 O1
73 0 100 II I0

73 0 100 II 11

q2 0 101 DO O0

_t2 0 101 0o 01

_)_. 0 101 .00 10
*s_ 0 I01 O0 II

t_ 0 101 OI O0
_3 0 !01 O! 01

Li3 0 I01 Ol I0

_3 0 101 Ol 11

_I_ 0 I01 I0 00

_it) 0 101 10.01

_4 0 I01 I0 I0

qq 0 I01 tO 11

_5 0 101 11 O0

q5 0 101 I10l

_15 0 I01 I,' I0

45 0 I01 II II

_6 0 II0 O0 00

_6 0 110 O00l

46 0 110 O0 10

_-6 0 110 O0 11

*17 0 110 01 O0

_7. 0 IIo Ol Ol

t:'/ 0 110 01. I0

lit 0 110 Ol II

*;8 0 110 I0 00

O8 0 110 I00l

_18 0 110 10 10

_8 0 II0 10 11

_;9 0 II0 II O0

_;9 O 110 II Ol

_I9 0 110 II I0

(¢9 0 I10 )I 11

27 0 III 00 O0
_7 0 I11 O0 01

E"I 0 Ill 00 10

/'7 0 III O0 Ii
/:b t) II I Ot O0
Zh 0 tit 01 {_I

)

_.)| ,,'()),').i ) ,',l.It)

(,)I 0 I 0'; 0 L) bl)U

O1010000 :iUL$

01010000 :JUIi

() I 010UuO 5I.JB
01010(>01 311L)
010 ! 0001 S_.)U
01010001 ,SU_

o10i0001 ',-_u_

0100011o C_.iP

0 I00011 U CFtP

01000110 C_P

01000110 C}.IP

01000111 CI._P

OIO0011 I CFIP

01000111 C_,,P
UlO(}Oll I C6tP

01001000 CFtP

01001000 CI,'_P

0100100o C_.'_P

01001000 CI_P

01001001 C)_P

01001001 C),_P

01001{)01 CI,t.P

01001001 CV,P

00101010 LOAD

0010101o LOAD

O0101010 LUAD

001010i0 LOAD

00101011 LOAD

00101011 LOAD

00101011 LOAD

00101011 LOAD

00101100 LOAD

00101100 LOAD

00101100 LOAD

00101100 LOAD

U0101101 LOAD

00101 101 LOAD

00101101 LOAD

00101101 LOAD

00101110 5TO

00101110 SFO

0010111u ,510

00101110 510
00101111 SlO

00101111 5[0
00101111 SIO

00101111 SlO
00110000 5TO

00110o00 ,STO

O011000o $I0

00110000 ,_'rO

00110001 ,5I0

(.)0110001 510
(:0110001 sro

00110001 SIO

O0,')II0 tI (}C

00011oli OC

0o01 I o II 0(i

o00110 It 0C

O001101t) ID

t,)t.}011 _ I 0 .tI)

TABLE 69 (CONT'D)
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155
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161
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161

166

I_9

174
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116
111

" 17(3
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25
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25
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87

07

10u
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18
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10

11

20
19

a

5

21
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7

6

!7

39

179
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190

6_

181

187

19!
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183

125

192
68

185
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105
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7 II
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"/5
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75
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76
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76
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"/7
77
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79
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0 I!I 11 O0
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0 111 11 I0

0 111 11 II

1 000 O0 O0

I 000 O00l
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1 040 00 II

1 000 Ol O0

I uO0 01 01

I 000 Ol )0
1 000 01 11
I 000 I0 O0

I 000 10 Ol

1 000 I0 i0

l 000 I0 11
I bOO II O0
1 000 !I 01

1 000 11 I0

10UO 11 11

1 001 O0 O0

1 001 O00l

0o100 10
I OWl O0 ii

1 001 01 O0
I 001 Ol Ol

1 00I Ol I0

I 001 Ol 11

; 001 I0 O0

001 10 Ol

001 I0 I0

001 10 11
I 001 11 O0

1 001 11 01

1 001 11 10
l 001 11 11

1 010 00 O0

1 010 oO Ol

I 010 O0 10

1 010 O0 11

I 010 01 O0

1 010 Ol Ol

I 010 01 10

1 010 Ol 11

I 010 I0 O0

I 01U I00l

I 010 10 10

I oI0 10 II

1 010 11 O0

I 010 II Ol

I 010 II 10

I 010 11 II

I Ol I O0 O0

1 01 1 o0 o I

1 o II 0o )0

I 01 ] 00 I I
I Ol I Ol 00

0ou I!u I:)

0o01 !oo I

UOul 1001

00011041
00011001

0O011OOO

01010lli

01010111

01100104
0O0O1O01

0o001 OdO

OOU IO010

00010000

00001010

O00OlOll

00010_00

00O1OO11

0000O104

00000101
00010101

00010114
00000111

O00U0110

00410001

0010011]

1011O011

10111010
10111110

01000014

I011010.I

.10111011
10111111

01000011

I0110111

01111101

11000004

lU
OD
0 I)

0 t)
Of)

•) ,# •

LUI,i

,5TH

EXl b N'D (81ACK II_(;')"
8LSA

8LLA

SKG [
8F, I.T
$LSL
8t.t.L
L)KGE
8F,LE

1 _. Or,

5i_I.A

8 ml_ [: 0

8KJ O

8RSL
5RCt.
8 F,l'JE
IAR
JU*
JSAO,

JSAI*

Jb!AO_

JIJ,
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JSAI._

JI.A O*

JU*

JSAO*

JbA I*
01000100 Jlml/,O_

I0111001 JU,

I0111100 jSAO_

01101001 JSAI,
01000101 JI,IAO,

01001014 AOD,

01001010 ADD,

01001014 ADD,

01001014 ADD,

01001011 AI)D_

0104101I Ai)O'k

01001011 ADI.)*

01001011 ;_I)D*
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01001 IIg ,SI_L.I,

UIuOI : IU SUiJ,

0100i _IV ,SUl-,t

OlO(:i t ,5llI__
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100011001
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lO001!Otl

I00011100

10O011101
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lOOlO0000

100100001

100100010

I00100011

I00100100
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100100110

I00100111

100101000

I()0101001
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I00101110
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10011000
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10011000

10O11000

I001 tO00
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10011000

I0011000
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10011000

lO011uOO

I0011000
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10011000

10011000

01100000 JSS

01011000 F,ULT I

0 I01111 I. RP5

.I001 !000
01100001 . JSS

01011001 t,:UCTI

10011000

10011000

01100010 JS5
01011010 MIJ[.lI

lO()llOOt)
1 O0 ).1000

OllOOOll J85

01011011 f_UL[ I

I001110U EXECR

10011OO0

01010101 DV_PY

01010010 DAC,4

10011000

I0011000
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10011000

IO011000
10011000
I001I00O

1001100O

I001100o

10011000
foul 1000

IO01 t000

10011 o00

1001 I(;O0

I0011 ()t)U

IuOk lOO'J

I0011 o_)0
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APPENDIX H

CONTENTS OF THE COMPUTER TAPE SUPPLIED

FOR SOURCE CODE DISTRIBUTION
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In order to facilitate the transfer of data included in this report,

a computer tape was prepared with all pertinent emulation descriptions. The

tape was creaded on a VAX 11/780 and is 1600 BPI.

The tape contains the following data sets:

25r_s]77._1;! 5412_._Mt;1 54L_00._,1;1 54L302._Itl

S_r,315_,_M1_l 54_,Slbg,(}M1;2 5._T,31/5,0MI;| 5463245,0_1;1
5;tb253,0M1;1 54L_273,nMt;I _4r.b35_,Or_1;1 54Lb367,0M1;1
54LSt'14,QM1;1 54t, S472,0M1;_ 54L3_.g_1;1 s450n,QM1;1
54R0_,_];1 54_04,QM1;1 5,_151._M_;_ _4S2_B.(_P1;1
5.;_32.qM1;1 _$472.GM1;1 7440,_i"1 " 74L300,GM1_l
74LS_B,Q_I_1 74K._II,Q_I;I 74_I0._;_t;I 74_20,QM1;_
74537,0_1;! _407,0_1;1 A_29Ot_,QMI;I AM2902,_I_I

_TAB,Q_I;1 _PI_ICAR_,QM|_4 CPUC,]N,_I;2 CPUbA_,_I_I
T_T_ON,_M|;3 TNTRTAF,OMI;] TCCARO,Q_I_5 TCCOH,OMI;I

TCLAm,OMI;t

lowing sets:

MICRO. MEM,

SEQUENCE. MEM, and

STARTADDR. MEM

listed in sequence by address.

In addition, the tape contains "PROM data in oct¢l<contained-in the fol-

= C' -- o.

Data set SELF.TST contains the self-test supplie_:Naocta_form. Please

note that: -- "-: "
L " "

o Each line starts with a memory addre_ss followed by its contents

and the contents of succeeding locations, seperated by commas.

o The read only portion of the program has been relocated from the

memory locations given in Appendix I to memory locations between

IO00 and 2000 (octal). This was done for compactness of memory

in the emulator.
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o RAMlocations have been relocated between2000 and 2200 (octal).

The address of CRSLT(the self-test result word) is 2120 octal.

o Execution of the self-test programbegins at location 0 which
contains a jump indirect instruction (to location 1041) and ends

at location 1440 octal which contains a halt instruction.

The above changeswere madeto the self-test program to facilitate its

use in the emulator without a calling program.
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APPENDIX I

SELF-TEST PROGRAM

k
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CPU SELF TEST

This CPU test is directed toward the individual blocks of hardware that

comprise the CPU. The strategy is to break the 53 bit microprogram instruc-

tion down to its functional fields and set up tests to cover them individually.

These fields either control arithmetic unit functions or switch the multi-

plexers that control data flow. Test computations are set up using instruc-

tions that toggle each bit of these fields. The result of the computation

is then tested by performing a cyclic check sum of the contents of all of the

registers. The 16 accumulators are mechanized by means of the 16 x 4 dual

port scratch pads in each of the 4 2901 bit slice processor devices. There-

fore, the accumulators and all of the interaccumulator data transfers can be

tested more efficiently as a dual port RAM device. The pipeline register

is tested by generating enough codes to toggle each Sit. This is relatively

easy and falls out from the other tests. The test of the microprogram start

address PROM also is a fallout from the other tests. The remainder of the

CPU consists primarily of the microprogram memory, which is the most

difficult part of test. Here, the coverage of earlier tests is analyzed and

a set of instructions previously unused are combined in a test computation,

followed by a cyclic sum check of the contents of all the accumulators. This

set of instructions is adjusted to bring the coverage up to 95% for the

overall CPU.

The test result (pass or fail) is transmitted to the driver program

units in RAM words TSSTC and CRSLT which are elements of segment TSCPU con-

tained in TST (Test Status Table). These words are initialized at zero and

incremented as each test step is passed. This test is composed of the in-

dividual tests listed below. They are not necessarily run in sequence be-

cause it was found necessary to run some of the steps of different tests

concurrently.
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TEST DEVICE TESTED

1) Accumulator Scratch Pad Test

2) Memory Address Processor Test

3) ALU Test

4) Microprogram Memory Test

scratch pad of 2901

9407 Address processor

ALU of 2901

PROMS containing microprogram

Successful execution of this self-test program is indicated by a return

to its calling program with a value of ten stored in memory location CRSLT.

This program requires 346 words of memory and slightly over 2050 microcycles

of the BDX930 for its execution on a fault-free processor.

1) ACCUMULATOR SCRATCH PAD TEST

The 16 accumulators are mechanized by means of the 16.x 4 dual port

scratch pads in each of the 4 2901 bit slice processor devices. Therefore,

a cyclic check sum is an effective method of testing the state at the con-

tents of the accumulators. That is, the contents of the accumulators is

checked by summing the contents of all the accumulators (except 15) and

comparing the result to the correct value contained in a table. A15 is the

stack pointer and requires a special test. The addition is performed in

the unsaturated mode. To enable this test to detect if the contents of the

registers are interchanged the result of each addition is rotated. This

cYclic sumcheck is also used to test the state of the accumulators after

each test calculation. This detects unexpected results such as nonspecified

registers being affected. The scratch pad has 2 ports A and B. The A port

is used for output only while the B #ort is used for both input and output.

The infrequently used B output port requires additional testing to detect

failures in the connections between the memory cells and the B output port

multiplexer. The test proceeds as follows:

276



1) Using the LOADinstruction, place the starting address of a table

containing 16 test words, into AO. These test words form a pattern of

16 words that exercize each bit of the data paths to and from the

scratch pad.

2) Using the LOADinstruction with the relative to AOaddress mode
load the third word in the table into AI. Then increment AO.

3) Using the TRAinstruction transfer the contents of A1 to A2.

4) Repeat (2) and (3) for A3 through A15. Accumulators A2 through
A15 now contain the first 14 test words listed in the table. A15
is loaded with the address of the stack.

5) Test A15 (the stack pointer) by complementing its contents using

the LCMinstruction, adding the result to A1 (which contains the
original contents), and then incrementing the result in A1 by 1. The
result is then tested for O.

6) Use the. LOADinstruction in the relative to P modeto load the first
two test words in the table to A0 and AI.

7) Rotate AO left 1 bit using RLS

8) Add AOto A1 using ADDRin the unsaturated mode. The first in-

struction of this test is a CONTIS. This sets F1 and engages the
unsaturated mode.

g) Repeat (7) and (8) for A2 through A14.

(10) Comparethe result to the 17th value of the table using CMPinstruc-
tion in the relative to P mode, and if they agree increment CRSLT. At
this point the data input path, A data output port, A address multi-

plexer, B address multiplexer, and the data path from A output to data
path from A output to data input have been tested. However, the scratch

pad memorycells must be tested for stuck at failures by the next sequence
of test steps.
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(11)

(12)

AI5.

(13)

Restore the value for AO from the table.

Using LCM complement the contents of all the accumulators except

Repeat (7), (8) and (9) by calling these steps as a procedure

by means of the JSS instruction. The return is accomplished by means

of the RPS instruction. The result is then compared to the 18th value

of the table. If they agree, increment CRSLT. AI5 is retained as the

stack pointer. Hence, is unaffected by this procedure.

{14) The data flow through the B output port is untested by the above

test procedure. Therefore, the contents of AO and A15 are exchanged using

two IR instructions. The contents of these registers are complemented

and exchanged again using the IR instruction. This exercizes each bit

of both the data and the address paths. This is inserted in the ALU

tes_ and the result is tested as the overall ALU test result.

(15) The connections between the memory cells and the B multiplexer

is tested by means of the CLA instruction. This instruction is really

an IR, specifying the same register in the two fields. The micro code

for this instruction actually performs a sum and difference computation

on the contents of the specified accumulators. The contents of the

accumulator is set to zero only if the same value is received from both

A and B multiplexers. A PUSHM and a PADDM are used to sum the contents

of the accumulators (A1 through A14). The result is then tested for O.

As indicated earlier the rotation of (7) is used to test the order of the

test values as they appear in the accumulators. It detects if the values of

two accumulators are interchanged due to a failure of the A or B multiplexers.

This procedure is not only a thorough test of the scratch pad RAM, it also

tests the ALU Data Source Selector, Q Register, Q Shift in the left direction,

the F bus, and the + and OR ALU functions, Tables 71 throuqh 75 indicate the

test coverage of the microinstruction fields by the instructions used in this
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test. Table 76 lists the instructions used in the order that they are first

used. These tables give a good indication of the effectiveness of this test.

2) MEMORYADDRESSPROCESSORTEST

The memoryaddress is computedin the 4 9407 bit slice processor
devices. The ProgramCounter (P) is one of 4 registers contained in this

device. The accumulator Scratch pad test has already tested a portion of

these devices. However, it has not tested the most significant bits because

it has been addressing either words inside the memorysegmentsTSCPUor
CPUT. The most significant bits can only be exercized by specifying another

unit of CPUTMin a segment of memorywhoseaddress is the logical component

(for the most signficant 8 bits) of CPUT. The P,T,MARregisters, full adder,

and the 3 input MUXare tested as follows:

1) Use LOADto load AOwith (start of test segment -XX), XX is set at
-1 to exercize the DOto D3 inputs to the full adder. They are normally

zero.

2) Use LOAD1,XX+4.0 to load a test word contained in segmentof

memorywhoseaddress is the logical complementof the most significant
8 bits (7 through 15), of the address of CPUT. This exercizes the

most significant bits _f the T register.

3) Comparethis result to a test word and if they agree increment CRSLT.

4) Reset the T register by loading an accumulator with a word with a
low memoryaddress (from within CPUT).

5) Load A1 with the starting address of the test unit -XX. Then exe-
cute a JSA1XX.1 to call the unit. The test unit contains a JMAOto
the next instruction followed by a RET. The JSA1exercizes the P regis-

ter but not the data path to the accumulator scratch pad. Hence, the

JMAOis required. The JSA1is followed by a jump to the end of CPUTto

provide a test of the jump. This jump is followed by the normal point
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of return that increments CRSLT. CRSLTis also incremented in the

test unit to show that it reached there.

The value of XX should be chosen to exercize all the bits of the binary
adder of the 9407. Table 11 shownbelow, lists the coverage of the Memory

Address Processor operations. Also listed are additional that are required
to complete the coverage. They will be included in the ALUtest.

COVERAGEOFTHEMEMORYADDRESSPROCESSOROPERATIONS

_I[bO . COVERAGE
U20,U21,U22,U2},U24 ....... i ...... _ ..............
0
1
2
]
4
S
6
7
8
9
A

C
0

?
tO
11
12
13

15
16
t7
18
19
IA
t8
1(:
I0
L_
1F

CONT
.............................JS_

,no_ testicle
-- PUSHF

not used
RPS
not used

-6TO-
no_ used
not used
JSAI
6TO
6KEQ
5KEQ
not used
JAR
STO
CONT
no_ used
PUSHM
STO
JSS
6T0
SKEQ
not used
nO_ use_
not used
no_ used
nOt used
no_ used

JSAO_
$TQ

t

l-- mus= oe added in ALU _es_ to
.... • a complete coveraqe

TABLE 71
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• "". 1 • • _-_i-:_i} •, • •' "" -•. • .... • . _ _.. :1

"-: :: :it:/::i:-
.° ............. _._ _o , . _: _*___-'_-..'_:_.- . '- ,,.,..___._ _., .................... . .........................

• " " ." " . %.._ ,v.." .-' "-." : - : -; .: • • -
3) ALU TI[ST • • . -i_:: •::"-._::,••:-_

Tables 71 thru 75 [ndtce:e•ghe cove:age of :he mAcroAns=ruc:ion tlelds
accomplts_e@ _hus-_e_-b_-_es_-C_)an_ ¢2)_-Aiso-lis_ed in _ese Cables ere
_he tns_ruc_fons =_a_ m_ls_ De_ edde¢t_ _o ¢omple_e cfle coverage. The _o12o_n_

. /w•.?, I : :. ._:. ::_._ .:: •••
1) The P•U6H_-and- PUSH_-ins_uc_2ons a_e used-_o s_are _ne contents o_ _ne-
accumulators and £1ags prior _o =_e cyc11¢ sum ¢flecK o_ _he scra_:¢_ Pad _es_,
This portion o_ _e _LU _es_ runs concurren_ly _2C_ _he Scratch Pad and
_emory Addgess Processor _es_s.

2) _he POP_ Ins_ruc_£on £s executed a_ _he comple_£on o_ ¢_e Hemory
Address Processo_ _esC _o' res=ore-_heac_mula_ors _o _e_r values at: _he
execution o_ _he._rs_ ¢¥cX2¢ sum checK.

3) The cycI_csunt check Is _epea_ed and _e- resul_ is compared _o _ne
_Arsl:-value o_- _l't_- _es,_ vaI_ l:ab_r. ...............

4) T_e CONT 2ns=ruc_cion Is-used _o _ogqie _he aV,rl,and F2 _laqs.

5) T_e _R(]V,_3FI_ snc_S_2:tnsCruc_2ons are Chert used Ca CesC C_e set,In;
o_ C_ese _laqs.

6) A _es_ computation is performed using _e remaining lns_ruc_2ons
Indicated- on Chase _aOles.. _2nce F1-is- =ese_ _ese Ans_ruc_2ons are _ested
An _e saturated mode_

.1. ...... " .... " ....- . * "

7) T_e PO_F 2ns_r_'c_ion-is used _o restore _he _laqs.

S) The se_ing o_ _ne _lags is _es_ed uslnq _ne SSP2,SRFI,and SROV
tns_ruc_Aons_ .... " ..............

0
I
2
3
4

7

9) The cyclAc c_ec_ sum-CesC As used Co Check C_e results o_ the CesC
computation.

COV[RAG£ OF A_ff CONTROL FX[_DS. -"

SOURC[' .• .[_JNCT;0N DRSTZMATZ_N

U I2eUII,uio U-IS,UI4,UI_ UISeUITeU16
C_A ........ " CLk " CLA
TR& . &.TO DMPY

-CL_ "_8_ ...... :---: ....... noC use_
XAR =' .EXOR _ RL_

');.'lC[k ..... ll_l .1" ...... CONT"CL_ ':- : ......
POP_ " " nag used DXV 2
_TO "......... . .. CON_ ............... ............ :-'.CL_-: .................... •
CONT bCM . PU3HF
................................................................ 2--2ns_ruc_2ons _us_ _e

added _o A_U _es_
............. ..... £or ¢overeq_

....... TABLE _2 .....................
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! •

3
4
5
6 s
7

r
I3
17
IB
IF
23
27
20
2F
33
37
3a
3_

.......... COVERAGE Or CONDZTION SELECT LeZE_,D

....................L.....+:.-_...................

F'_EnD INSYRUCY]ON :.

U36,U37,U38,U3_ ............................................ ...

....... Cf:)N_ ........................................ -...........
SZO .

...........DMPY ........ "..............."':................." " " -"
ADDR
•I_PY - ..__............"L:_..: .......... - .....

S Z 0 1 " "

not: used • -
......riOt: _SG_- ,'-""--"_"- :................" ......

O X y " 1

.- 8KEQ ..........

CMP
- DktPY ..... .-

PUSHF
use@ Co= It0 Ans==uc_2ons
used• _aL" l:es_ pane.I trit:e=/:ace.

TABLE 74

0
1
2
3
4
5
6
7
O
9
A-
B
C
O

E

. . L
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i

• . . . : .-.,.-:.-_',:,_._ :-..::...-_._._,_...." ._...:_.._:_-::_._,,_,.,._;--_;:.'._ .:.'. . - . .

......................... _ "_'-:".':..',:-"_':'-..COVEI_&GI_" O_',S_&T'J_- _SAG 5QGZC[' FZ ESO".............................................

a t oua_o oa_ ,u_}4_,,_3 s_.-_: .-_-.___,_.:_:. _-_:_-_i_:-.-_----.- .......
o . - . ;-._ ::- csJ./-"-:_:_.:_-:.i::._._.:;i.i.;_:_i,!:_:_-::_,'_.:-: .:.
1 " :-.- •/ .. _.::_-.-:-:-._- PUSHP' _ :-:-.__--:_:_:i*:.__-.:_, ._-_-....

• -. .... _,,_,._;-;-:_0' ............. _._:.._, - :,.,, -...,,_..:,.......,._....

6 .... - -:_ Llltt3s_d ..... :""": "":'.: .,._,- " -

7 "- " :.......... _,-__:"-_tstlt_Se_. - .-.......... :-_"-.-;............... ".. ..... •............
O:_ ....... '" ...."

..-

9 ............... _ .................. =_:'.

. DflPS _. " -

ADDI_
.......... D,ZV_ ..... :... ........ .......... :.......

C
0

I_ - _.

tO
I..I,
?.2
1.3
14
1.5 ........
_L5
t7
tO

.... .---sue..... " ................... :.........

19
1A
IB
1C
1D

IF'

....... C0W15.................................................
unused

........ t_IrlO$ed".... "..... . ........ _ ................
DI¥

unused

........... fABLE 75 .... - -- ...................

............... COVt_RAGi[ OF: _HZF'_- ZNMUX PZ_[_D .......

LrZE_.D .......................................... : ..... -_.--- ...... .-.- ..................
U7 • U9 ,U 1:7 " INSTRUC_ZON "

0
t
2
3
4
5
6
7

CT_ -.-
............... C_r " ":- .... :'- • . _-_-_- ...".................

DMP_ "_ " :" "
............... _: ............. _ ...... ... - _....................

ZAR Sa_

flo_: LTsed
................... rtOt_ .tSSe_i".... _ .......................................

TABLE 76

, o
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CONT
CLA

STO_

LOAD
bOAD

TRA

LC_
ADDR

ZAR
SKEQ
PUSHF

PUSHN

J35
RL_
RP$

C_P
LOAD*
SUB

JSAI
JSA0_

JU

P_PM
$ROV
$$F1

ssr2

_IV
AOOR

IAR

ACM

EXOR

_R

POPF

53F2

SRF1
SROV

- ' ORDER OF ZNSTUCTION EXECUTION

INSTRUCTZON • TEsT

• === CLA ineffective =ecause

{IR) .......... :_-, ,:,....... ::-emula_oz= se_s 2n2¢2altzes accumuZa_o= 1:o 0 -

re1 1,o P * ............ :..... ....... : ....
reJ. _o AO *

..... _ ............ SCRATCH PAD TEST

S

r • _ _ o A O = " .......

tel 1:o AO _ ....

re2 1:o &t _ MEMORY &DDRE$3 PROCESSOR TEST

re1 1:o P " • .............

tel 1:o AI =

== = ..

s

sa_ =, Abtt TE3T

sa_ " =" ...... -

sa_. = .-

a

_ . . _

TABLE 77 (con=lnued on next: paqe)
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4)- MICROPROGRA_--PRO_-TE_ _. ..... ."---'_-_ ,-'_- ....._:;: ............. =.......................................

The PRONs_sad pro_cons-2s_s o_-.ro_ one column addresslnq loqlc besides
_ne actual memory.ce.$1s,.Zhe address£ng loqLc• Is reseed _y s£mply qeneraC£ng
enough addresses_o cover earn o£ _he ro_ and column addresses, However,
1_ £s d_=£cu1= =o escaol£sfl _he percentage o_ _fle c_lp Is used _o_ address£nq_
There£ore_hls-_es_ concentrates-on b_ CeZ1 coverage and c_e address2ng
coverage £s expec_ed_o £_11 ouC as • result, Zn C_£s _es_ 1c Is dl£_lculC Co
qe_ a _lqfl coverage_ Nevertfleless, _he res_ o_ _e CPU £s v£_Cuallycomplecel_
covered _Hence_ tC £s assummed _haC the-5 _ o_ _e porclon o_ one CPU uncovered
by _s _es_ _lZ eventually, be the memory _1C ce_ls. £nsCruc_ons are added
as _e emulaCo_ de_erlnes coverage, The expected coverage o£ _ne mtc_oprog_am _
• emor¥ _y _ne previous. _es_s _es de_er_lned by ex_m£n_n9 _e _c_oproqra_
exerc_zed by C_e lnsrucCtons already executed (11seed In table 771. T_e expected
coveraqe was _ound =o be 45,28t, Table 78 11s_s instructions added Co £ncrease
_e mtcromemorY, coverage £n _he. order o£ _e£r e££ecC£veness. Z_ s_ould _e
noted C_a_ _he size o_ _e Colo.1 mtc_oprogram (noC Including Ces_ panel or
_/0) Is 382 _nsCruct_ons,

ADDZ_ZONA_ MZCROMEMOR¥ COVERAGE

_NaT_UCTZON

J_AO

ADD
DIV
SGSA
$U8
ADO_
DACM SaC
OA_DR sa_
O$UaR
OAODR

INSTRUCTZON$ COVERED

........... 17
_S
15

sac 14
ad_tC_onel COnd l&
sac 12
sac ZI

9

4

:ACCUMU_ATZVE ADDZTZQNAb
COVERAGE

32
- 47

_.T5
_97
_98
107
I16
I25
134
i38

........................... :_42

TABLE 78 : -.-

:, :.T .T
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.

.. : - • , • . : . ... _ • .

4) _ICROPROGRAN -PRON TEST ........ _- . -.... -.........................................

The PROMs _sed pro_ consists 0£ row and coIumn addresstnq Logic _esides
_ne actual memory cells,•The addressing 1oq2c Is _ested Dy simply generating
enough addresses _o cover each o£ _he row and ¢01umn addresses, However_
1C Is d_fflcul_ _o esCaolLsfl _he percentage of _fle c_lp is used for addressing,
There£ore,thls _es_ concentrates on b_ ceil coverage and _e addressin9
coverage Is expected _o fall ouC as a result, %n _hls _es_ 1C Ls dl_lcul_ to
qeC a hLgfl coverage, Nevar_fle%ess, _he rest o£ the CPU is virtuallycompletely
covered tHencew 1_ %s assummed _fla_ _fle 5 • o_ _e portion of _fle CPU uncovere_
_y _ls tes_ _ill eventually b_ t_e memory _t_ cells, Ins_ruc_ions are adde_
as _e emulator deterines coveragee The expected covera;e o_ _e microPro_ram
• emory 0¥ _ne prev$ous _es_ _as de_ermLne_ _y examinin9 _e =icroprogram
exerclzed _y C_e lnsruc_Lons aIresdy e_ecu_ed (llsCed In _a_e 77). T_e expecCe_
coveraqe was found Co be 45,28q, Table 78 %IsCs.lms=ruc_lons added _o Increase
the m_cromemory coverage in _he order of _nelr e_ec_£veness, Z_ s_ould _e
no_ed _na_ _e size of _he to_al mlcroprogram (no_ Including _es_ panel or
I/O) Is 382 lns_ruc_Lons,

ADDITIONAL _ZCRO_E_OR¥ COVERAGE

_N_TRUCTION INSTRUCTIONS COVERED ACCUMULATIVE ADDITIONAL
COV[RAGE

J_O .......... 17
_D_ IS
ST_ 15
_DD sa_ 14
91V additional cond 14
SLSA sa_ 12
SU_ sa_ I1
ADD_ 9
DAC_ sa_ 9
DAnDR sa_ 9
DSUBR 9
DADDR 4
R[T ........ 4

32
- 47

61
75
87

-. 98
107

125
134
138

.......................... 142

.:.- ..

TABLE 78

• .-.. .. • ..

-, -

2B7



(.=

O.

c
0"

_P

0.

p,.

,m, _.

ql[ i.-

..°

L_

I

C

=£ 1

|

P, I

_; I

I
l

4. C |

_L,J I

"_ .,,,J |

C

U_

J

_,j ..,J

o

Z Z aC

• I_i I I_ {1_ I _ :_

I I I _ _" _i¢ _J

qK

_ t_ _ "

41

• • I t t • • • t • I • • I _11 • • I ! I • I I I I I _1 I I I I I _ll 41 • • • _11

2_8

mm

L,,

Z

f,_

2,_..

¢-
e_

O

I
I

L,_

_ °"

2. =[ Z
Z =[



Q.

O"
_r_

.G

0.
o

p- LE

S"

I,-.

L.; {,_
)-:C

-r
:E

(.J

_..T.
,,= ,--

Q..--I

41

tl

I •
41

41

41

'It

,11

I •
I •
e

| •
I •
I '_

I •
l •
I •

I ',m

| ,R
I •

I •
I •

I •
I .m

I •
I .I
$ ,,m

I •

0 •

| .u

0 •
e a
I •

e •
e •

O ,m

! •

|

|
|

|
e
i

|

t

|
|
e

|
o

|
o

e
o
e

o

0

Z

e,,

Z

,Ii
41

41

11

,I

,I

,I
41

41

,II

41

o

O

_P

O • • • • • • •

289

• •



'9[
O,.,

Ok

I,I"I

,.C

I--"

I".

IZ

C
II.

_.,..
t_..
l--L+ l.b,

:f.

+'I[

r" "I

--I _I+.

>. ,',p
+._ +"+

e"

I" I

|

o-- I

Cf_ |

I

I

I

|
?

I Z

w

|_ _

¢¢o m

O_Q Z
I_

CCC

coc

tl
tl

41

41

tl

,II

41

,ll
41

13.. a

tI 41 • II

0

.J

el o
I

Z _ "'+
C Z

.;j L,_ UJ

C

Z

0

290



!jm

..J
,',m

..J

"m
={

t'-
X

g'J

C
'I"

Q

291

Q • • • • • • o _ 8_



• • • • • • • • • • • • • • • • • • • •

lid

G.

0

C,

C

IF
0

le'l

c

c

o

O'

0"

.0

(#'Um

i_.q.

..0

0".-.

_Z

C C

U,. _' !

I,- |

C 1"* !

_I_ _____

292

+. _. •



_c0"
Idn

._I =I'W

" Z I

_-. II Z
i-. 4, I

_i..'r i

_---- I

fi-

Ll.

mr

II.
I-)

CI. --I

I
O
I

|

I
I
|

|

| o

t c

| o

I '._C

| c %1_

Sun_"

,I

41

41

tl

tl

,I

Ii

4I

41

.If

41

tl

.I

0

Z_

Z_

_ _ Z _ZZ

_ _. _'

I I I _ _

ii,

*I

X

'_ I_" _. --
r_,_ _ _" _._ _

:_,. _ _,- _ _ _ I

_Z

I

.. . _::

• • • • • • e- •

293

• • • • • • • • •



• • • • • • • It • In) • I i • • O • • o _ w

,I[

O.

C
0.

l

l

.l

i

I

I- O

e

5-
u,. ii

(_ P,,- 0

_. rl,.

C

.It
41

,1[

III

tB

tw

tl

C_ •

_ P,,.O •

q t_i •

--'-- v

2 _C t..q g,.- •

X Iln WP, I_ •

_I_____

e

I

i

_e

..J

¢

k_

Z

A

• ¥ A

n, _m. ¥

oO A A

,"_ A v Z

:r. v A

_ G. I,-

I.._ t,.,+ 11. C.7

294



wl

t_

ql£
0.

I

O" l

I

l
,¢ I

I
I

I

I

I

I

I

I

4- 4-

I-- _ 3,

I

I

= P

41

41

taJ •

r', ._

Z •

II
ti

41

41

= :

i O •

._,.°:

LU
Z

_ g

• 41 '_ _=) ,le .m •

Z

,ua

m

Q,._"

=;

Z m I.- "_ I

G, "-_ .11

_j u_ &a .a I

" 2
_. , ,,_ I I

tl.
c

_r
C _la

o

Q
C=

_L
_r

295

• • • • • • • • l • _ •



_ir ,d

q

r,

o-

,£

• +

_._

296



wr_

• • • @

297

@ • • • • • • • O • • • • • • O



• • • • • • • • • • • • • O- • • • • • • (

{r..

I

|

I

I

" 2
Z

I[

g_
u_ r,_, t el,,
I,D m

,r4 _

C

i,... |

N- I _.

I

O: I

;£ I

t

-" I

l,_ I ul.

:E "_" i O"

n.

_u I Q"

..i

c

c_

I.-,

m

Z

29B



_J

4(

|

!

I

i

l
I
|

l
|

l
|
I
e

o
t
!

I

t
I
!

I
I
I

|
l
o

|
I

e
|

I
I

|
0

|
|

e
I
|

I
|
o

0
|

8
o

e _

_1_;;; o. _
Xl

t_

N

x Im

-,r

lg

|

• _

I__

Z

tl

,11

W _
¢_, .j •

Q •

Z
i,_ ,it

tl
,if

i

299



• • • • • • • • • • • • • • • • • • • • •

,I[

c

g.m

e

(/'_. o.-.

_.h, (/:.

L_'
'bOO

(.; "

0" I

I:
|

t,a.. ii

,"Y a
_,. a

I
b.. II

o

o
Z _" 6

,_ e

o,. ,..i I

G

: =

• 0_

• _ _._

• _ _ 0

____,__
• ______.

,11

,R

e 4,

0 •

= :

_l

41

.I

,It )-.

• 0

• 0

41

qL

0
C

U_

_'_.._rL,d_ _; _ _ I

e'_ _ _ e" _ fl;_ _ l "

41

v l,-"

.=J .,.,.1 .,._ .J '_ _" •

0 _ c

_rur_

: ,.,-

C

: ,.,-

• ,.,J

41

• I,-. in. _il .

• "-LI_- _-"_'- _,._
41 I-.,. t,-,. _ I _

: r.

CC_

300



41

C

.u

I
I

|
I
I

I
I
I

|
I

I
I
I

I
I

I
I

I
I
I

I
I

I
|
I

I
I

I
I
|

I

1
I
I

0
I

l
I
I

I
I
I

0
l

I
I
l

I
I
I

I
I
I

I
I
I

I
I

|
!
I

I

X I

I

_'J i.- I

p,- I

_I.) I

I._= I
C I

G ¢#'J I

--I
Z

_-" I =r

I

l&. Ii

,.lr.e
s" I

I

Z ..,e |

_. -,I I ,.¢_

2_

2

301

• • •

!

• • • • • • • • • • • • • • • •



..J
t'-

C

n,

a.

X

,w

0.

30Z



4
_L

LIJ
--I

bJ

_J
(Z

_U'J

C

(J

U'I
ur_

Zl

¢3 I

*-* I
*'- I

If. I

,1[ I o ___ oO
,-- |

_ I _

• • 0303 • • • • • • • • • • lr



• • • • • • • • • • • • • • • • • El • • (

a.

irJ ii

i,i,,, ii

Z ii
ii i

Ii, I

r,, I

C_ |

*-, I

Z" I
*-- I

I,I. I
l,la !

" I

n,l

,ID

air o

_" ..G

_J_

0 • n.;

i_ _r a0

m- _m f_

304



• • • • • • • • • • • • t w 1.

c C

--_ c

s.-a.

IJ

_T G

L_

305

- ; -



• • • • • • • • • • • • • • • • • • • • qt

I-- | .-, l_

5" |

I

• l

-'m l
Q. |

4[C |

0., --I |

306
;. .............. : :. :_:.. : : _. !. :-.-.... :.



Q..

CT'

I¢I

.i

"I •
I •
II •

I •
I •

I •
I •
I •

I •
I •

I •
! •

I •
II •
II •

I •
I •

I •
I •
I ,R

II ,,I
ID •

I •
II •
II •

II •
I •

I .i
I •

I •
II..,II

I •
I •
I •

II •
I •

-" I •
a. l •

I •
t_, I 4I

C I .it
u,. ill .I

I •

la, •II

W_=I I •

I_ I 4I

ID

CI..,I

I
I

I

I
I

D

I
I

I
I
I

l
8
I

0
I

l
I

I

_ t

Z •

Q

a

Z

..

_00_0_0_00_0_00

0_0_¢00_000_0_00

Co

¢D



II1

Q.

Ilm

|
O

|
e

O
O
e

I
|
|

|
I

e
o

I
|
o

|
i

o
o
I

!
e

o
e

|
|
I

e
I
|

|
|

|
|
i

|
o
|

|
e

o
|

|
o
e

e
$
|

6
|
!

|
i

L |

_l_ _

XI
Z_I G

_IO_O Z

_l

_=l
ce

i_l iii •

_:---::--_
I

le

4C Ic_

i

W
• N

• =

• I

• _ -_
I _ 0 Z

• Z

• • _

o

308



i
,.--D

_Bn,,

0

Z

In"

0

,q{

"I"

_L

X

0

a,,

• • • • • • • •

309

• • • • • • • o o a_ o



eL-

0

a

N

Q

o

o
N

c

_aiP

310



Lk)

91

O.

I

I

I

I

I

I • 0

I _ ZX

I •
I • Z_

I • _ U_

' : <

I • = _ _Z
eI

! _ _ _ _ I

I • W Z Z m W_Z

I I _ I I _ l Z

I I = I Za_

I • _ X

I I I I 0

|

_1 •

I_J IIIIIIIlilllllllllllll

T I

In i
o

i. i

i

Z o

I

_J I 0

2.

, ,.-

N

f.) =I I-,- ta.

:it tla I_"_

,Im_J _ in.-, Q. :)

p_.i_i bl_ I,-- .4 Z i'_ ...I

Ia ]1. IN. N 9111m tkl _1[ _- q[ _1":. _

llllllllllllllllllllllllIllllll

• • • • • • •

311

• • • • • • • • • • • • •



• • • • • • • • • • • 0 O 0 @ e O. O 0 _ W

CL

|

-" I
I

Ill I

I

I
|

I
I

I
I

|
I
I

I
I

I
|
I

I
I

I
I
|

|
I

I
I
|

|
I

I
I
I

0
I

II
I
I

I
I

I
I
I

I
I
I

I
I
I

I
I

I
I
I

|
I
I

I
I

J" I
Z I

Z I

P" I
I-.91 II

Ii,III') |

II,I I
" I,_ I

C I
41 qr. I

l.-
-Jr

UI.

rl.

el

,,CO

i.I.

CI.I

a.--I

Z

0

rt, .

n.,, t_
Ae-

¥ A

-Jr
V

I*.-*
i*.* I-..

A

O.k,*
¥ V

¥:,,

:,, .=,

A
..j ,.._
m.* 'l_

I-..

t.l.l fill

e,. --',

ll.. l.J

312



14J

q[

¢1.

l-- 0

I:
|

Z I

|

c.) |
•-) |

XCI_ !
,,t _ i

Q...J I

O
O

Z
Nlm

s..._

.4[

--llb

a,, ._

q.J _,.
9[=,..18,.

_(1) Z

N= _/,

S_ 0"J ,"_

4. 4.

_P) ..J i=- _,i ...I

O3
I¢=I

Z
Q

Z

ID

Z

a,,

X

a,.-

Z ....

.=, .=¢ .,=. _ ,.._ q...== .=.¢ _ _ ...s

_OOO O

41

41

41

_m

48

,8

48

411

9)

Lu

IU_.

O[

UJ

;2

Im

_r

N

•.J Z up-,

_l 0,.

_L
_ 41 4r (_,_ 41 ,IS 48

i

O[

9[

0.
I--
_),..

_uo'J
o--I_l

ID

0. 0"

=;
I--q_J
,I[0[

(,j _n.

*v I_ .J

,.-z -._

q_ *-u LJ _l •

= .:
kJ v._ _" _ _,J

.,J 4t O |

O

¢D

8_

O
¢)

qr

313

• • • • • • • • • • • • • • • • • • • • •



: °

- _

314



lkl

Q,,



• • • •

0,.

O
I
I

l
l

I
I
I

|
I

O
I
I

l

|
I
I

O
I

|
I
|

l
I

I
I

I
l
|

I
|
0

t
I

O
t
l

I
O
I

l
lJ

IP
I

I
I
I

I
II
I

l
I

l
l

l 4t
I I0

l ,,.I

I _,q[

• • • • • (

-_ __ . _ __-_.

i-

i,m

Z

0

a_
0

g
_o

_+

o._

316 ....



ell

,el

0,.

Q" |

I

.,'* I
I

I
I

I
I

|
I

I
|
I

I
I

I
I
I

I
I

I
I

I
I
|
I

I
I

I
I

I
|

8
I
|
I

I
I

|
|

|
|
I

" e
|

I
T" I

$
I

8

317

G

Z



• • • • • • • • • • • • • • • • • • • • •

C

IL

O8

8
g

|

la
la

|a
|I

|e
O_

OG

g_
Og
|a

|a
la

|a
la

|G
|a

O_
II
|a

|o
t_
|a

8a
Og

Oe

|a

O_
Oa

O_

|a
Oa
8e

le

Oa

ga
Oe

|a
O_

Ja

ZS_

Z t a

_ll

l,,- O

Z I

|

w |

I l

|

_ 8

_ 8

,,u C, |

_¢.J |

_,.I 0

m_Dh,h_

0 O0
_un

3]8

0

0__0-_0. •

__,_ .........



• • • • • • • • • • • • • • • • • • • • 4

7 "

_U

..J
C

ZQ.

--,tJ

.J
C
_r

Z_

0
Q[

Q[

O

4(

Z

G.

X

¢_

n

320



L_J
J
-r

4r

¢.J
Z

LU

n,

_rJ

C

:Z
(.a

N

___'_ _t _m _i

Zl

Zl

..I I {
91[ I ¢D ¢D

_J

"4)

I'

"_ II!

ID

U_I

".L

aD
- _r

............... _ r " "1

¢D

qr

I •

i

=

II

0 _r _ID

n4

o,
I.i

aD

= e

_r I

:1.- I _

Q O • 8 t Q •

321



L

°.

..J I

322



• • • • • • • Q • • • e • • • • • • • • e

_..0 .....

l-

o

..I n.I

--I

t_ E
323

_°



Nat_qalAeronautcsandSpaceAdrn_n_ral=on

Report Documentation Page

1. Report No.

NASA CR- 181642

4. Title and Subtitle

Description
Level

of the

2. Government Accession No.

BDX 930 Processor at the Gate Logic

7. Author(s)

F. Swern and J. McGough

9. Performing Organization Name and Address

The Bendix Corporation
Flight Systems Division
Teterboro, NJ 07608

12. Sponsoring Agency Name and Addre_

National Aeronautics and Space
Langley Research Center
Hampton, VA 23665-5225

3. Recipient's Catalog No.

5. Report Date

April 1982

6. Performing Organization Code

8. Performing Organization Report No.

10.

11.

Administration

Work Unit No.

505-66-21-03

Contract or Grant No.

NASl-16807

13. Ty_ of Report and Period Covered

Contractor Report

14. Sponsoring Agency Code

15. Supplemen_w Notes

Technical Monitor: Gerard E. Migneault
Langley Research Center

16. Ab_ract

This document provides a gate-level description of the Bendix BDX-930

computer. The description is provided in sufficient detail, with signal names
and other information so that a gate-level emulation of BDX-930 operation can
be performed. The report consists of logic diagrams, logic equations and
microcode listings.

17. Key Words (Suggested by Author(s))

Gate Logic Description

18. Di_ribution Statement

Unclassified-Unlimited

: Subject Category 62

19. Security Classif. (of this report)

Unclassified

20. Security Classif. (of this page)

Unclassified

21. No. of pages

324

22. Price

NASA FORM 1626 OCT 86


